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Background: Fluoride plays an essential role in the prevention of dental caries, the most 
common chronic disease for New Zealanders of all ages. Despite public controversy, 
community water fluoridation (CWF) is considered one of the top 10 greatest public 
health achievements of the past century. Currently, only 48% of New Zealanders have 
access to fluoridated water, with limited data on fluoride intakes in the New Zealand 
(NZ) population available. 
Objective: To assess the fluoride intake of NZ adolescent males and females from water, 
diet and toothpaste and to evaluate the necessity and contribution of fluoridated water 
to daily fluoride intake. 
Design: For this cross-sectional, multi-centred study, 266 females and 135 males aged 
15-18 years were recruited from 13 high schools across NZ, located in areas with and 
without CWF.  Participants completed online self-administered questionnaires to 
provide information about demographics and toothbrushing habits. Anthropometric 
measurements (weight and height) and interviewer-assisted 24-hour recalls were 
carried out during an in-school visit. A follow-up 24-hour recall was conducted virtually 
the following week to assess usual dietary intake. Dietary data were entered and 
analysed in FoodWorks Professional Software; the multiple source method was used to 
adjust data for usual intake. An extended version of the 2018 NZ Food Composition 
Tables was used, with missing fluoride values imputed from the NZ Total Diet Study and 
a recent UK database, all of which included different fluoride contents for food affected 
by CWF. Community water fluoride concentration of each school district was acquired 
through direct contact with regional councils or online reports. Only participants who 
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had provided data on usual diet and toothbrushing habits were included in the 
calculations for fluoride intake. 
Results: The water fluoride concentration was 0.56-0.75mg/L in areas with CWF (F 
areas) and 0.03-0.11mg/L in areas without CWF (NF areas). Of the total enrolled 
participants, 50% of males and 41% of females attended schools in areas with CWF. 
There were 223 female and 80 male participants included in the final analysis. Only 32 
females (14%) and 2 males (3%), all residing in F areas, met the Adequate Intake (AI) for 
fluoride of 3mg/day. The mean difference (95% CI) in fluoride intake was 1.81 (1.60, 
2.01)mg/day for females and 1.13 (0.92, 1.35)mg/day males in F versus NF areas. In F 
areas, females had a significantly higher total fluoride intake than males, with mean 
difference of 0.74 mg/day; this was largely associated with the higher water intake of 
females versus males in F area with mean difference (95% CI) of 1.05 (0.70,1.39)L/day. 
Tap water contributed 60-79% of total daily fluoride intake in F areas and 16-18% of the 
total daily fluoride intake in NF areas. No participant consumed more than the Upper 
Limit (UL) for fluoride of 10 mg/day for fluoride.  Diet and toothpaste provided, on 
average, less than 1.00mg/day of fluoride to total fluoride intake. 
Conclusion: This is the first study to measure fluoride intakes in NZ adolescents using a 
robust method of dietary assessment that accounted for CWF. The key finding of this 
study was the importance of CWF and the consumption of tap water, which together, 





This thesis presents the fluoride component of a multi-centred, nationwide nutrition-
focused study of adolescents aged 15-18 years, the Survey of Nutrition, Dietary 
Assessment and Lifestyle (SuNDiAL). The overall aim of SuNDiAL was to examine the 
nutritional and health status, including dietary habits and attitudes to food choices, in 
adolescent males and females in New Zealand. The results of the study will contribute 
to informing government and health agencies in developing dietary guidelines for New 
Zealand adolescents.  
The data was collected across the country by second-year Master of Dietetics 
students from the University of Otago in 2019 and 2020. In 2019, data collection 
occurred in two phases; Phase One took place between February-March 2019 and 
Phase Two between July-August 2019. Data collection in 2020 only took place for Phase 
One; Phase Two was suspended due to Covid-19 restrictions. This thesis will present 
results pertaining to data collected in 2019 and 2020 from males and females. 
 The primary investigators of SuNDiAL were Dr Meredith Peddie and Dr Jill 
Haszard, who were responsible for study design and development of methodologies 
including protocols, ethical approval, school recruitment, supervision and training of 
data collectors, data entry and storage. Dr Haszard was also the lead biostatistician for 
the study. The candidate was supervised by Professor Sheila Skeaff. The candidate was 
on dietetic placement in Phase One, with the aim of collecting data during Phase Two, 
which did not take place due to Covid-19. The candidate was responsible for the 
following:  
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- Acquiring information on the water fluoride concentration of different 
locations around New Zealand 
- The majority of statistical analyses of data presented in the thesis as advised by 
Jill Haszard and Sheila Skeaff 
- Interpretation and discussion of results 
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Dental caries is the most common chronic disease for New Zealanders of all ages 
(1,2). It is an irreversible condition that can be cumulative from childhood to adulthood 
if untreated, making it essential to prevent throughout the lifespan (2). Fluoride plays a 
crucial role in oral health, particularly in the prevention of dental caries (1,2). Fluoride 
is a trace element that appears in nature as the reduced form of the electronegative 
element, fluorine (3,4). Fluoride is found in all water sources in small but traceable 
amounts (2,5). It is also present in soil, air and a variety of dietary sources (4,5). Fluoride 
has an important nutritional and public health impact because of its roles in bone and 
teeth (3). Like many elements, it can be beneficial in small doses and toxic in excess 
(2,4). Fluoride is beneficial for preventing tooth decay by encouraging uptake of 
minerals in the teeth and reducing the effects of acid-forming bacteria in the oral cavity 
that can cause tooth decay (2–6).  
The beneficial effects of fluoride in public health are often linked to two factors: 
the introduction of fluoridated oral health products (toothpaste, gels) and the 
introduction of community water fluoridation (CWF). The latter is considered one of the 
top 10 greatest public health achievements during the past century (7). Despite public 
controversy, CWF has been shown to improve oral health outcomes and reduce the rate 
of dental caries (1,2,7,8). The World Health Organisation (WHO), along with many other 
international health authorities, recommends fluoridation of water supplies, where 
possible, as the most effective public health measure for the prevention of dental decay 
(2). Water fluoridation in NZ began in 1954 and continues today, with about 48% of New 
Zealanders currently having access to CWF (9). 
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Few studies have assessed and measured fluoride intake, both nationally and 
internationally. Most of the available literature focuses on young children and caries 
rates because this is the time when teeth are forming. A handful of studies have 
estimated fluoride intakes in different age groups, including adolescents, but indirectly. 
The NZ Total Diet study (NZTDS) was carried out in 2016 and estimated fluoride intake 
in adolescents using the most commonly consumed foods (6). Prior to this study, the 
most recent available data for adolescents is from 2010, where the authors indirectly 
measured dietary fluoride intake based on fluoride concentration of water supply and 
simulated diets or national 24-hour recall surveys (10). Overall, the available data 
suggests that NZ adolescents are not meeting their daily fluoride requirements whether 
or not they consume fluoridated water (2).  
In NZ, fewer people are losing their teeth, which increases the risk of the 
development of dental caries in adulthood (1,2). In addition, one in two New Zealanders 
does not have access to fluoridated water (9). Therefore, it is becoming increasingly 
important to assess fluoride intake of all age groups in NZ and to generate data that can 
inform future public health interventions or policies. Food and nutrition-related choices 
and behaviours in adolescence play an essential role in growth and development and 
can also track into adulthood, thus affecting long-term quality of life (11). As such, it is 
of great value and importance to ensure adequate nutrition is provided and to identify 
areas of concern in adolescence. This study aims to fill the gap in the research by 
providing an update on the fluoride intake of NZ adolescents through all sources, 
including diet, toothpaste and water.  
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2 Literature Review 
2.1 Introduction 
This literature review will evaluate available research regarding fluoride in 
human health and data on fluoride intake in the NZ population, with a particular focus 
on adolescents. The search was undertaken between October 2019 and August 2020. 
Databases used included Google Scholar, Scopus, NZ Ministry of Health (MOH) and 
Researchgate, with key words ‘fluoride’, ‘adolescents’, ‘teenagers’, ‘metabolism’, 
‘functions’, ‘intake’, ‘sources’, ‘human health’, ‘dental caries’ and ‘water fluoridation’. 
Only articles that were in English and published between 1983 to September 2020 were 
included.   
2.2 Fluoride metabolism, absorption and excretion 
Fluoride is a trace element and the naturally occurring reduced form of the 
electronegative element fluorine (3,4). Fluoride is found in all water sources in small 
but traceable amounts, depending on the geographical location (2,5). It is naturally 
present in the air and is also available through a variety of other sources, including food, 
toothpaste and dietary supplements (4,5). Fluoride is a normal constituent of the 
human body. Important body reservoirs include bone, plaque, saliva and in a loosely 
bound form on the enamel surfaces of teeth (5). Like many elements that affect human 
health, fluoride is beneficial in small amounts and toxic in excess (2). Fluoride-
containing compounds are extremely diverse, making it difficult to generalize about 
their metabolism, which depends on reactivity, structure, solubility, and ability to 
release fluoride ions (12).  
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Figure 2.1. Metabolism of the fluoride ion based on pH. 
A pKa of 3.4 indicates a pH of 3.4 (acidic), with 50% of fluoride in the ionic form (F-) while the 
other 50% is in the form of undissociated Hydrogen Fluoride (HF) (13). 
The metabolism, absorption and excretion of fluoride are pH dependent (3,13). 
Figure 2.1 provides a schematic presentation of the state of the fluoride ion in the body 
based on pH. Figure 2.2 displays plasma fluoride levels over time following oral 
ingestion, demonstrating that fluoride is rapidly absorbed within the first 20 to 60 
minutes. Approximately 80 to 90% of orally ingested fluoride is absorbed by the 
gastrointestinal tract (8,12–14). Up to 40% of this ingested fluoride may be absorbed in 
the stomach under acidic conditions by passively diffusing across the cell membrane in 
the form of hydrogen fluoride (HF) (3,8,12,13,15,16). The remainder of orally ingested 
fluoride is absorbed in the small intestine, which has a higher absorptive capacity than 
the stomach, and is independent of pH (3,13). Under the less acidic environment of the 
small intestine, fluoride is absorbed in the form of the fluoride ion (F-)  diffusing through 
cell epithelia (3). Fluoride from some dental products with acidic formulations may be 
absorbed in the mouth even when they are not swallowed (3). The solubility of the 
ingested fluoride compounds can influence the bioavailability, i.e. the rate of fluoride 
absorption (12,17). Fluoride compounds such as sodium fluoride (NaF) and HF are 
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absorbed more quickly, whereas compounds formed with cationic metal ions, such as 
calcium fluoride (CaF2) and magnesium fluoride (MgF2), are less soluble thus more 
slowly absorbed (12,17). Fluoride absorption from water through the gastrointestinal 
tract into bloodstream is nearly 100% by the process of passive diffusion (18).  
 
Figure 2.2. Plasma fluoride levels following oral fluoride ingestion (13). 
The concentration of plasma fluoride is not homeostatically regulated, thus it 
increases or decreases depending on the amount of fluoride ingested, excreted, 
deposited in or removed from the soft and hard tissues (3,5). Therefore, factors that 
affect urinary excretion and skeletal uptake will alter the concentration of fluoride in 
the plasma, independent of the actual fluoride intake. As shown in Figure 2.2, an 
increase in plasma fluoride concentration is detected within 10 minutes of fluoride 
ingestion and returns to pre-consumption levels within three to 11 hours (3,5,13,19). 
Once fluoride reaches the plasma, it is rapidly deposited into soft and hard tissues or 
excreted via the urine, feces or saliva (2,3,8,12,15). About 99% of the body burden of 
fluoride is associated with calcified tissues (13,15), with the remaining 1% distributed 
to other tissues and organs in the body (3). There is an inverse relationship between the 
amount of fluoride absorbed by the body tissues and age (2). Past studies have 
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estimated that while adults retain 36-50% of ingested fluoride, children may retain 50-
80% due to the fluoride uptake of rapidly developing skeleton and teeth (2,8).   
 About 60% and 45% of the daily ingested fluoride is excreted in the urine of 
healthy adults and children, respectively (13). The pH of urine in the kidneys affects the 
amount of fluoride that is excreted (12,15). Because HF dominates in acidic conditions 
and F- dominates in alkaline conditions, when the urine is alkaline, the concentration of 
HF, the most permeable form of fluoride, is lower and most of the fluoride remains in 
the kidney as F- (13). The opposite occurs when urine is more acidic, with HF diffusing 
through the kidney back into the circulation, thus less fluoride is available in the kidney 
to be excreted (13). Fluoride is also secreted in saliva (at a range of 0.01-0.06 mg/L); 
salivary levels increase as plasma levels increase (12). 
2.3 Functions 
Fluoride has an important public health impact because of its role in teeth and 
the prevention of dental caries (3). Dental caries is a result of the erosion of dental 
enamel  from the acid produced by bacteria that ferment carbohydrates present in the 
mouth (3,20). Fluoride’s role in dental health can come from both systemic (ingested) 
and topical fluoride (3). During tooth development of infants and young children, prior 
to permanent teeth erupting, fluoride is incorporated into the mineralizing structure of 
the developing tooth by combining with the calcium phosphate hydroxyapatite crystals 
of the tooth enamel (3,4,6,20). The hydroxyl group in hydroxyapatite crystals of the 
teeth has a chemical exchange with fluoride to form fluorapatite (3). Fluorapatite is 
more stable and resistant to acid dissolution than hydroxyapatite, making the teeth 
more resistant to decay (3,4,6). This highlights the importance of fluoride’s function in 
aiding the prevention of dental caries from an early age.   
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Another method of action of fluoride in the prevention of dental caries is post-
eruptive and topical (5). Topical fluoride is available through systemic fluoride excreted 
via saliva or from dental products (toothpaste or gel) (5). Topical fluoride can enter 
bacterial cells and interfere with acid production, consequently carrying out a 
bacteriocidal function thereby reducing enamel destruction (2–5). Topical fluoride can 
also help with remineralisation and reduce the demineralisation of the tooth enamel by 
enhancing the uptake of calcium and phosphate, therefore reducing the overall 
transport of minerals out of the tooth enamel (3). It is now believed that topical fluoride 
is the major factor by which fluoride provides protection against dental caries as it is 
independent of orally ingested fluoride; this underlines the importance of using 
fluoride-containing dental products (3). However, Zohoori et al. (3) and The Royal 
Society of NZ’s (2) research on the health effects of fluoride in water emphasize that 
the presence of low, constant levels of fluoride in the fluid phase of the surface of the 
tooth enamel is also important in controlling tooth decay. This can be accomplished 
through strategies such as CWF and fluoridated toothpaste (4). 
Fluoride’s third function in the body involves bones. Fluoride has been 
recognized as one of only a few ions that can stimulate bone cell (osteoblast) 
proliferation and increase new mineral deposition in cancellous bone (3). However, 
according to Zohoori et al. (3), the effect of fluoride exposure from sources such as 
drinking water on the risk of bone-related diseases such as osteoporosis is still debated 
and a clear link has not been established. 
2.4 Excessive intake and toxicity 
Inadequate intake of fluoride is associated with increased tooth decay (dental 
caries) while excessive intake can cause damage to tooth enamel (dental fluorosis) (4,5). 
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Dental fluorosis, also known as the mottling of the tooth enamel, is a 
hypomineralization of dental enamel that occurs as a result of excessive fluoride 
ingestion during tooth formation (3,4,12). At slightly lower doses of fluoride in water, 
fluorosis is characterized by opaque white spots of the teeth (i.e. mild to moderate 
dental fluorosis), but as the dose increases, the severity of the signs increase until, at 
approximately 10 mg/L, when the porosity of the enamel is compromised and large 
pieces of enamel are fractured after eruption (i.e. severe dental fluorosis) (3,12). It is 
believed that dental fluorosis can arise when teeth are forming in the first three years 
of life with a decrease in severity during adolescence, slowing when people enter their 
20s (3,21). According to Jha et al. (10), it was previously thought that the principal 
source of fluoride resulting in fluorosis came from drinking water. However, the 
increase in fluorosis has occurred in both fluoridated and non-fluoridated water areas. 
Eason et al. (2) reports that the increased prevalence of fluorosis observed since the 
1970s is attributed to the widespread availability of discretionary fluorides such as 
fluoridated toothpaste, fluoride supplements, and professionally applied fluoride 
varnishes. In NZ, fluorosis of aesthetic concern is not different between fluoridated and 
non-fluoridated communities, suggesting fluoride from sources other than water, most 
notably, the swallowing of high-fluoride toothpaste by young children is the likely cause 
(2,17). The NZ Oral Health Survey from 2009 (23) reported that 44.5% of eight to 30-
year-olds in NZ had some dental fluorosis at a ‘questionable’ or very mild level, 
moderate dental fluorosis was rare (2.0%), and severe fluorosis was not observed.  
Chronic high exposure to fluoride can also result in skeletal fluorosis, which is 
usually caused when large amounts of fluoride are ingested during periods of growth, 
resulting in weaker than normal bones, with stiffness and pain in the joints as the early 
 9 
symptoms (3). Skeletal fluorosis has not been reported in NZ and is not the focus of this 
thesis (2). 
2.5 Recommendations 
2.5.1 Dietary recommendations 
The Nutrient Reference Values (NRVs) for fluoride for the Australian and NZ 
population were initially established in 2006 and are shown in Table 2.1 (6,24). The 
adequate intake (AI) levels for all population groups are based on studies that have 
demonstrated that near optimal caries prevention is achieved when mean daily dietary 
intakes of fluoride are approximately 0.05 mg/kg of body weight per day (6,24). The 
upper level (UL) of intake for adults and children (nine to 18 years old) is based on 
moderate enamel fluorosis (6). These UL of intake are derived from a level of 0.2 mg/kg 
of body weight per day, which is the identified endpoint for enamel pitting or loss, i.e. 
severe dental fluorosis (6,24). 
Table 2.1. Nutrient Reference Values for fluoride in Australia and NZ (4). 
Age group  
Adequate Intake (AI) Upper Level of intake (UL) 
mg/kg/day mg/day mg/kg/day mg/day 
14-18 years boy  0.05 3.0 0.1 10 
14-18 years girls  0.05 3.0 0.1 10 
Adults males (19 years and above) N/A 4.0 N/A 10 
Adult females (19 years and above) N/A 3.0 N/A 10 
Adapted from Australian Government National Health and Medical Research Council. Summary of 
Nutrient Reference Values for Australia and New Zealand Including Recommended Dietary Intakes. 
2016;(March) (4). 
 
2.5.2 Toothpaste recommendations 
The adolescent group is not considered at high risk of exposure to excess 
fluoride, so consumption of fluoridated water and use of fluoride toothpaste containing 
1.0 mg/g of fluoride are both recommended (2,25). The NZ MOH recommends 
adolescents brush their teeth at least twice a day and should spit out (not swallow) and 
not rinse (2,25). However, it is recommended that adolescents who do not consume 
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fluoridated water or who are at elevated risk of developing dental caries be assessed 
for need to use fluoride toothpaste with higher concentrations than 1.0 mg/g (25). 
2.6 Sources  
There are both natural and man-made sources of fluoride, which can be made 
available to people through a variety of ways such as supplementation of foods, dental 
products, and water (26). Table 2.2 outlines the major sources of fluoride in NZ. 
2.6.1 Natural sources 
Amongst the chemical elements, fluorine ranks thirteenth in abundance 
(approximately 0.08%) in the earth’s crust, and is generally present as fluorosilicates, 
fluorapatite, fluorite or cryolite (26). Fluoride is found in air but in very low 
concentrations (0.0001–0.002 mg/g) (3). High fluoride concentrations are found in 
groundwater in areas where fluoride-bearing minerals are common and in thermal 
waters with high pH (2). In NZ, the highest natural levels of fluoride in groundwater are 
around 0.56 mg/L; In most areas the fluoride levels are around 0.1-0.2 mg/L, though 
some areas (e.g. Northland) have lower levels at 0.02-0.05 mg/L (2). 
2.6.2 Dietary sources 
Table 2.2 contains information on the major sources of dietary fluoride in NZ 
and their fluoride content as of 2018. The fluoride contents of unprocessed foods and 
beverages are usually low except for tea (3). The level of fluoride in tea is highly variable 
and depends on the plant’s botanical variety, the area in which it is grown, and the 
procedure by which the tea infusion is prepared (3). NZ has one of the highest per capita 
consumption rates of black tea internationally, yet no information is readily available to 
consumers on the fluoride levels in tea products (27). Fish and shellfish with bones and 
skin are also rich sources of dietary fluoride. Almonds have a high concentration of 
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fluoride (5.66 mg/kg), but do not contribute more than 1% of the estimated dietary 
intake in most New Zealanders (6). 
Table 2.2. Sources of fluoride intake in NZ and their estimated fluoride content (References in 
brackets) 
1Only NZ data was used to report water fluoride content. 
2May vary based on region, therefore a range is provided.  
3Lower level-toothpaste is also available but not included in the table due to the relevance to the target 
population of this study. 
The fluoride content of processed foods may be influenced by the degree of 
processing, the method of cooking, the type of vessel used for cooking, and use of 
Source Fluoride content 
Dietary mg/g 
Tea (with 0.7mg F/L water) (6) 1.91-8.85 
Carbonated beverages (6) 0.02-0.18 
Soya milk (6) 0.82-0.84 
Fish and fish products (bone- and skinless) (28)  < 1.00 
Fish and fish products (with bone and skin) (28)  > 10.00 
Oyster, raw (29) 0.77 
Cereal and cereal products (28) 0.23 
Bread (white) (29) 0.49 
Flour (wheat, white) (29) 0.54 
Rolled oats (white) (29) 0.60 
Meat products and dishes (28) 0.08-0.11 
Milk products and eggs (28) 0.11 
Tofu (6,29) 1.07 
Vegetables, herbs and spices (28,29) 0.05-1.52 
Fruits and nuts (28,29) 0.07-0.31 
Almonds (6) 0.82-0.84 
Prunes(6) 0.56-1.12 
Water1, 2 mg/L 
Fluoridated water (2) 0.7-0.9 
Non-Fluoridated water (2,6) 0.02-0.2 
Dentrifices (30) mg/g 
Toothpaste3   1.0–1.5 
Colgate (31) 1.0 
Sensodyne (32) 1.4 
Macleans (33) 




additives (26). The content of fluoride in other foods depends on multiple factors, 
including the fluoride content of the food ingredients, the fluoride concentration of the 
water, and the amount of water used and retained in the food during preparation (17). 
For example, the fluoride content of boiled rice when cooked in fluoridated water is 
approximately 11% higher than that of unboiled rice (3). However, according to Zohoori 
et al. (3) there is not a proportional increase in the fluoride level of prepared food with 
increasing fluoride concentration of the water used for food preparation. Fluoride levels 
in reconstituted fruit juices and other drinks are based on the fluoride contents of the 
water used for processing (3). 
2.6.3 Fluoridated water 
 The WHO, along with many other international public health authorities 
worldwide, agree that CWF is the most effective public health measure for the 
prevention of dental decay and is considered one of the top 10 greatest public health 
achievements during the past century (7).   
It is desirable to have a fluoride intake that is sufficient to prevent dental caries 
(i.e. the AI) without exceeding intakes that are associated with severe dental fluorosis 
(i.e. the UL) (4). According to Cressey et al. (10), access to a fluoridated water supply 
increases fluoride intake two to three times the intake under conditions with a non-
fluoridated water supply. Similarly, a review by Zohoori et al. (3) found that in Western 
countries the contribution of drinking water to the total dietary fluoride intake of 
children ranges from 4% in NF areas to 54% in communities with optimally fluoridated 
water. The NZ MOH recommends that, for oral health reasons, the level of fluoride in 
drinking water in NZ should be between 0.7 and 1.0 mg/L, almost 10 times higher than 
the concentration found in most water naturally in NZ (0.02-0.2 mg/L) (2,4). The 
 13 
drinking-water Standards for NZ report revised in 2018 also sets a maximum acceptable 
value (MAV) of 1.5 mg/L for fluoride in drinking water, which is in line with WHO advice 
(2,35).  
CWF in NZ began in 1954 and expanded rapidly through the 1960s (1). NZ has a 
public health policy to adjust fluoride levels in water  with the aim of preventing dental 
caries at a population level without causing any adverse health effects, allowing the 
decision to fluoridate water to be made by each local council (4). As of 2014, the 
concentration of fluoride added to drinking water in NZ were in the range of 0.7-0.9 
mg/L (2,4,9). While the concentration of naturally occurring fluoride in drinking water 
sources in NZ is low (0.02-0.2 mg/L) and does not need to be monitored, fluoride levels 
in municipal water supplies are monitored regularly (2,9). Fluoride levels in drinking 
water are adjusted through the use of fluoride-containing compounds that fully dissolve 
in water and release fluoride ions identical to those founds naturally in the water (2).  
The latest Annual Drinking-Water Quality report in NZ was released in June 2019 
and reported that fluoride was assigned to the treatment of water supplies for 
2,445,000 people, with a 99.2% achievement of the chemical Standards for this 
determinant (9). This corresponds to about 48% of the five million New Zealanders 
having access to fluoridated water supplies. In 2016, a legislative change was proposed 
to allow district health boards to direct local authorities to fluoridate water (36). Despite 
passing the first reading, the Health (Fluoridation of Drinking Water) Amendment Bill 
has yet to be enacted (37). As of 2019, most of the regions with access to fluoridated 
drinking water are large cities, particularly in the North Island, as larger cities are more 
likely to have a reticulated water supply, and water fluoridation is only considered cost-
effective with a minimum population size of 1000 people (38). Figure 2.3 outlines the 
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percentage of the population with access to fluoridated drinking water based on 
location, as of 2017.   
2.6.4 Dental sources 
Dentifrices and other dental-care products can be a source of ingested fluoride 
(3). Young children have relatively poor control over swallowing reflexes, and are likely 
to swallow toothpaste during toothbrushing which has led to concern that toothpaste 
could result in excessive intakes of fluoride (2). Data on actual toothpaste use in NZ is 
limited, with the 2018 FLOSS study (39)  measuring the fluoride intake from toothpaste 
of nine to 11 year-olds in NZ as 0.82 mg/day in F areas and 0.75 mg/day in NF areas; 
noting that toothpaste contributed to 52-67% of total fluoride intake (TFI) (Table 2.3). 
Chowdhury et al. (40) also directly measured fluoride intake in 3-4-year-old NZ children 
in 1996 (Table 2.3) and reported that toothpaste was a major source of fluoride for 
children living in NF areas, providing, on average, 0.34 mg/day of fluoride. Meanwhile, 
Zohoori et al. (41) estimated in 2012 that the mean (SD) of fluoride ingested by four to 
six year-olds in the UK was 0.61 (0.57) mg/day. International data suggests that the 
contribution to TFI from toothpaste ingestion could be as high as 87% in children 
younger than six years of age and up to 20% of toothpaste can be ingested per brushing 
in this age group (3,18,41). Data on the actual intake of fluoride via toothpaste and 
dental products in NZ adolescents is not available, but the NZ study by Cressey et al. 
(10) in 14-18-year-olds estimates it to be 0.20 mg/day, stating that apart from water, 
toothpaste is the most common source of ingested fluoride in NZ.  
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Figure 2.3. Percentage of population in registered drinking-water supplies with access 
the fluoridated drinking-water by territorial authority, 2016-2017 (42). 
2.7 The importance of assessing and monitoring fluoride intake 
It is important to assess fluoride intake from all sources due to the negative 
health outcomes from both inadequate and excessive intakes (10). As the margin 
between optimal and excessive intake is narrow (7 mg/day for 14-18 year olds) (4), 
knowledge of the individual and population-level total daily fluoride intake is important 
to inform  public health recommendations (3,28,43). In the context of NZ, increasing 
numbers of adults are now keeping their teeth, creating a higher risk of dental caries, 
which is the most common chronic disease for New Zealanders of all ages (1,2). Dental 
caries is an irreversible condition and can be cumulative through the lifespan if 
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untreated, therefore it is essential to prevent from childhood through to adulthood (2). 
Moreover, by international standards, caries rates in NZ are disproportionately higher 
in disadvantaged subgroups, with Māori, Pacific peoples, and those in deprived areas 
having more untreated caries and missing teeth, which more greatly impacts on their 
quality of life (1). A cohort study by Foster Page et al. (44)  published in 2011 examined 
430 adolescents in 2003 at age 13 and again at age 16 and concluded that caries is still 
an important health problem in NZ adolescents, particularly among low-socioeconomic 
groups, with almost 80% of the adolescents studied reporting to have experienced 
caries in their permanent teeth (2). Furthermore, a 2004 study by Lee et al. (45) in 
Canterbury and Wellington examined the differences in oral health in children aged five 
to 12 living in F areas versus NF areas finding that caries prevalence and severity was 
consistently lower for children in the F areas.  
2.8 Fluoride intake of New Zealand adolescents 
Internationally, there are few studies that have assessed and measured fluoride 
intake. Furthermore, the majority of the available data focuses on children and infants, 
and caries rates, while information on the fluoride intake of adolescents is limited. A 
similar pattern is observed in NZ. Table 2.3 summarizes the current data available on 
fluoride intake of the NZ population, which demonstrates the gap present in the current 
research. 
Few studies, both internationally and nationally, have measured fluoride intake 
by combining all sources, including dietary, dental and water. In NZ, only three studies 
have actually measured fluoride intake, two dating back to the 1990s (40,46) and one 
in 2018 (39); these studies all focused on the fluoride intake of infants and children (11 
months to 11 years old). Chowdhury et al. used three separate duplicate diets to 
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measure fluoride intake in 11 to 13 month-olds (46) and three to four year-olds (40). 
The FLOSS study (39) measured fluoride intake from all sources in South Island children 
aged nine to 11 years using 24-hour weighed diet records. Two further studies were 
caried out in NZ using estimated dietary and fluoride data (6,10). Cressey et al. (10) 
estimated dietary fluoride intake of 14 to 18 year-olds using simulated diets or national 
24-hour recall surveys, while the 2016 NZ TDS (6) estimated the fluoride intake of 11 to 
14 year-olds using analyses of the most commonly consumed foods. The most up-to-
date database available for accessing information on the fluoride content of foodstuffs 
in NZ is the 2018 NZ Food Composition tables which lists a total of 34 foods with a 
fluoride content, half of which have a fluoride content of zero mg (29). Thus, any studies 
measuring fluoride intake in NZ needs to use a more complete food composition 
database. As there is limited information on actual fluoride intake of adolescents, there 
is a need to carry out dietary assessment to measure the fluoride intake of NZ 
adolescents in order to confirm or update the presently available data.  
The importance of fluoride for the health of individuals of all ages has been 
established in previous sections, and adolescents are no exception. Food and nutrition-
related choices and behaviours in adolescence play an essential role in growth and 
development and can also track into adulthood (11), thus affecting long-term quality of 
life. As such, it is of great value and importance to ensure adequate nutrition is provided 
and to identify areas of concern in adolescence, particularly given the significant gap in 
the research available in NZ. Of the available data, estimates for adolescents in NZ 
indicate that the average total dietary intake for this age group including fluoride 
ingested from toothpaste is below the recommended AI level even in fluoridated areas, 
whether or not they consume fluoridated water (2,6). 
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Table 2.3. NZ studies on fluoride intake in chronological order. 
Author, country, year Population group  
Study method (Dietary, biochemical, clinical, 
analysis) Fluoride intake males 





NZ, 1990 (46) 
n = 60 
 
11-13 m  
Method: Comparison of F (0.8-0.9 mg/L) and 
NF (0.09-0.1 mg/L) regions. 
Dietary: 3-day duplicate method. 
Analysis: ion-specific electrode. 
 
Dietary intake only (mean ± SD, mg/day): 
F area = 0.26 ± 0.13 ¯ 
NF area = 0.08 ± 0.05 ¯ 
Intake from diet, toothpaste and tablets (mean ± SD, mg/day): 
F area = 0.31 ± 0.23 ¯ 







Chowdhury N.  
Drummond B.  
Smillie A. 
 
NZ, 1996 (40) 
 
n = 66 
 
3-4 y 
Method: Longitudinal study comparing F (0.9-
1.0 mg/L) and NF (0.2-0.3 mg/L) regions. 
Dietary: 3 separate duplicate diets. 
Biochemical: ingestion of toothpaste and 
supplements. 
Analysis: ion-specific electrode. 
Dietary intake only (mean ± SD, mg/day): 
F area = 0.36 ± 0.17 ¯ 
NF area = 0.15 ± 0.06 ¯ 
Intake from diet, toothpaste and supplements (mean ± SD, mg/day): 
F area = 0.68 ± 0.27 ¯ 
NF area = 0.49 + 0.25 ¯ 
Water 
Toothpaste 






NZ, 2010 (10) 
14–18 y 
 
Method: Estimated dietary fluoride intake 
based on NF water supply (0.1 mg/L), and F 
water supply (1.0 mg/L). 
Dietary: simulated diets or using national 24-
hour dietary recall surveys. 
 
Mean estimated dietary intake 
(mg/day): 
F area = 1.89 ¯ 
NF area = 0.86 ¯ 
Mean estimated intake from 
toothpaste = 0.20 mg/day 
Mean estimated dietary intake 
(mg/day): 
F area = 1.68 ¯ 
NF area = 0.73 ¯ 
Mean estimated intake from 







NZ Total Diet Study 
(Ministry of Primary 
Industries) 
 
NZ, 2016 (6) 
11-14 y 
Method: National study sampling 132 foods 
predominantly representing the most 
commonly consumed foods. 
Dietary: 57% of sample analysed for fluoride, 
including water.  
Range of intake = 0.20-0.70 
mg/day ¯ 
25% of AI (2.0mg)/day 
5% of UL (10.0mg)/day 
Range of intake = 0.20-0.60 
mg/day ¯ 
20% of AI (2.0mg)/day 
4% of UL (10.0mg)/day 
Water 
Tea 




NZ, 2018 (39)  
n = 64  
 
9-11 y 
Method: Cross-sectional study  comparing F 
and NF regions. 
Dietary: 24hr weighed diet records. 
Clinical: 24hr urine samples. 
Analysis: deionised water samples collected to 
calculate fluoride ingested from toothpaste. 
Dietary intake only (mg/day) 
F area =  0.73  ±  0.37 ¯ 
NF area = 0.29  ±  0.28 ¯ 
Intake from diet and toothpaste (mg/day): 
F = 1.55 ± 0.95  ¯ 
NF = 1.04 ± 0.85 ¯ 
Water 
Toothpaste (52-
67% total fluoride 
intake) 
F = area with fluoridated water; NF = area with non-fluoridated water; m = months; y = years; AI = adequate intake; UL  = Upper Level; SD = standard deviation;  
¯ = Mean is below MOH adequate intake recommendations for selected age group; ­ = Mean is above MOH adequate intake recommendations for selected age group 
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2.9 Methods of assessing Fluoride intake and status 
The status of a micronutrient can be assessed via four methods: anthropometry, 
clinical, biochemistry and dietary. Anthropometric measures, such as weight, height, 
etc. are not used for assessing fluoride intake or status as they do not provide relevant 
information.  
2.9.1 Clinical 
Some clinical methods can be used to assess fluoride status. These include 
assessing teeth for decay, missing teeth, or fluorosis (23,25). The information gathered 
through clinical assessment does not provide information on the amount of fluoride 
intake but can indicate whether the intake was excessive or inadequate based on the 
potential influence it would have on dental health (23,25).  
2.9.2 Biochemical assessment methods 
Biological markers including blood, bone surface, saliva, milk (lactating women), 
sweat and urine can assess exposure to fluoride (47,48). Muhammad et al. (47) carried 
out a study looking at the effect of fluoridated toothpaste on fluoride levels in the saliva, 
and concluded that toothpaste significantly increases salivary fluoride after brushing 
teeth, but it was unclear whether it can be used to estimate fluoride intake. According 
to Rugg-Gunn et al. (48) there is also insufficient data at present on plasma fluoride 
concentrations across various age groups to determine usual fluoride intake. They also 
dismiss sweat and human milk as a suitable marker for fluoride exposure. However, 
when looking at fluoride excretion against total daily intake, Rugg-Gunn et al. (48) 
concluded that urine may be an appropriate biological marker for predicting fluoride 
intake, but not at the individual level. It is therefore believed that a combination of 
biological markers may help estimate fluoride intake  (48).  
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2.9.3 Dietary assessment methods 
According to Omid N. et al. (43), there is no robust evidence to suggest the use 
of one dietary assessment method over another for determining fluoride intakes. When 
looking at fluoride, the most common assessment methods used are duplicate plate 
and food diary methods (43). Previously, fluoride intake was measured by measuring 
the concentration of fluoride in drinking water, but this is no longer deemed an accurate 
estimate due to the variety of sources of fluoride currently available (15) as presented 
in section 2.6.  
2.9.3.1 Weighed Food diary  
Gibson states that a seven-day weighed food diary is frequently regarded as the 
gold standard for assessing dietary intake of energy and nutrients (49,50). Using the 
food diary method would provide a full description for consumed food and drinks, 
allowing individual food sources of fluoride to be identified. This method is less reliant 
on memory than 24-hour recall and food frequency questionnaire (FFQs), which can 
improve accuracy and reduce burden for the participant (43). However, there is burden 
on the researcher to extrapolate fluoride values in foods as the diaries cannot be 
directly compared to the Food Composition Table and significant under-reporting by 
participants may also occur (43,49).  
2.9.3.2 Duplicate plate method 
This is the second most commonly used method for assessing  fluoride intake 
(43). With this method, duplicate portions of foods and drinks are collected over a day, 
homogenised, and analysed for fluoride (43,49). While this method may be useful for 
assessing the actual fluoride content of a diet, it is costly and burdensome to the 
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researcher. Additionally, as all the food and drinks are pooled, the primary food or drink 
sources of dietary fluoride intake cannot be identified  (43).  
2.9.3.3 Food frequency questionnaires (FFQs) 
FFQs are useful for assessing dietary habits and usual intake of groups of 
individuals, providing semi-quantitative data that allows derivation of energy and 
selected nutrients (49,51). However, they are prone to over-estimation, particularly for 
food groups such as fruits and vegetables (52). Steinemann et al. (53) carried out a study 
to validate the use of FFQs in an adolescent population using a 4-day weighed food 
record. The results of this validation study showed good agreement for the energy and 
macronutrient intake except for protein, and a good agreement for frequently 
consumed foods at the food group level (52,53). However, as the concentration of 
fluoride in foodstuffs is low (as per Table 2.2), FFQs are unlikely to be useful for 
assessing fluoride. Furthermore, FFQs need to be validated for the nutrient of analysis, 
adding burden to the researchers (46).  
2.9.3.4 24-hour recall 
The 24-hour dietary recall method is a widely used approach to collect dietary 
information, particularly in cross-sectional surveys, because it provides rich details 
about dietary intake for a given day while also being simple, imposing little burden and 
not requiring high literacy in respondents (49,54,55). However, in order to account for 
day-to-day variations, they should be conducted in such a way that all days of the week 
are equally represented (49,55). While a 24-hour recalls allows assessment of actual 
intake of an individual, a single 24-hour recall is not sufficient to describe an individual’s 
usual intake and carrying out multiple 24-hour recalls helps account for daily variations 
in a subsample of individuals (49,55). For practical reasons, typically two diet recalls are 
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obtained in large surveys. (49,55). Furthermore, the 24-hour recalls pose less burden 
on researchers than larger scale diet diaries or FFQs. 
2.10 Conclusion  
This literature review highlights the importance of adequate fluoride intake for 
the protection of caries and calls for a need to assess the fluoride intake of New 
Zealanders. Given that more than half (i.e. 52%) of the current NZ population does not 
have access to CWF, despite the recommendation from the WHO, the MOH and the 
Royal Society of NZ (2,4,7), it is essential to analyse the extent at which New Zealanders 
are meeting their daily fluoride recommendation in order to inform public health 
authorities. This study aims to fill the gap with a focus on adolescents 
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3 Objective statement 
The overall aim of the SuNDiAL project was to describe the dietary intakes and 
habits, nutritional status, health status, motivations, attitudes, 24-hour activity 
patterns, and screen-time habits of a sample of adolescent females and males in NZ. 
This thesis focuses only on describing the fluoride intake of adolescent males 
and females in NZ. The aims of this thesis are:  
- To identify the amount of fluoride consumed by adolescent males and females 
in NZ from all sources (diet, water, toothpaste) using questionnaires and 24-
hour recalls. 
- To compare the current total fluoride intake of NZ adolescent males and females 
to dietary and toothpaste recommendations. 
- To compare the current total fluoride intake of NZ adolescent males and females 
living in F versus NF areas. 
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4 Methods 
4.1 Study design 
This study is part of the Survey of Nutritional, Dietary Assessment and Lifestyle 
(SuNDiAL) Project, a multi-centre cross-sectional survey. In 2019 the survey was 
conducted with a focus on females aged 15-18 years and in 2020 the survey focused on 
males aged 15-18 years, recruited from high schools across NZ. The data for females 
were collected in two phases between February to March 2019 (Phase 1) and July to 
August 2019 (Phase 2). The data for males were also to be collected in two phases: 
Phase 1 was from February to April 2020, however, Phase 2 was not carried out due to 
Covid-19 restrictions. This thesis will focus on the fluoride intake and sources of fluoride 
intake in both males and females. The 2019 and 2020 studies were approved by the 
Human Ethics Committee (Health), University of Otago, Dunedin (reference numbers 
H19/004 and H20/004, respectively) (Appendix A). Māori consultation was undertaken 
through the Ngāi Tahu Research Consultation Committee (Appendix B). The 2019 and 
2020 studies were registered with the Australian NZ Clinical Trials Registry (registration 
numbers ACTRN12619000290190 and ACTRN12620000185965, respectively). All data 
collectors  (i.e. Masters of Dietetics students) were trained under the Code of Health 
and Disability Services Consumers' Rights 1996 to adhere to the NZ Dietitians' Board 
Code of Ethics (56). 
4.2 Recruitment of schools 
Schools were recruited from around NZ, including Auckland, Northland, 
Tauranga, New Plymouth, Wellington, Nelson, Hawkes Bay, Kapiti, Christchurch, Clutha 
and Dunedin. Initial recruitment was carried out  in November 2018 for females and 
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October 2019 for males. The target was to recruit at least three schools in 2019 and one 
school in 2020 per pair of data collectors. An email was sent to high schools that were 
considered eligible based on their location, decile and school roll. In 2019, only schools 
with a roll of >400 (for co-educational schools) or >200 (for girls only schools) were 
contacted, while in 2020, schools with a roll of >400 boys were contacted. Decile and 
school roll information was obtained via Census data from the Ministry of Education 
(57). Word of mouth or direct contact was used by the data collectors as a secondary 
method of recruitment if the initial email contact did not result in the targeted number 
of schools enrolling in the study. Schools that expressed interest were phoned and, if 
interested in participating, the principal was required to provide written consent. 
Interested and consenting schools were then contacted to discuss dates, times and 
facilities needed for recruitment and data collection.  
4.3 Recruitment of participants 
Individuals between 15 and 18 years of age who self-identified as female (2019 
survey) and male (2020 survey), spoke and understood English, and were enrolled in 
one of the selected high schools were eligible to participate.  
Schools were visited by data collectors during February, March, July and August 
2019 and February and March 2020 to initiate recruitment of students. An overview of 
the study was provided using a recruitment video or a presentation at a school assembly 
or in classrooms. Electronic and/or printed information cards were also supplied to the 
schools (Appendices C and D) to provide further information that could be included in 
the school newsletter or website.  All participants were required to read the information 
sheet (Appendices C and D) and given the opportunity to ask further questions. 
Students interested in the study at the time of the school visit provided their names, 
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age and email address after the school presentation. Data collectors reviewed and 
forwarded the participant information to the SuNDiAL coordinators who then emailed 
potential participants with an online link to enrol for the study. Alternatively, students 
were able to visit the study website (www.otago.ac.nz/sundial) to access information 
on the study, watch the recruitment video and read the information sheet. Students 
interested in participating were then able to provide their name, age, email address and 
high school via a link on the website. All potential participants were given contact 
information should they wish to phone or email the investigators to ask questions at 
any time. Participants under 16 years of age were required to provide contact details of 
a parent or guardian in order to acquire consent before receiving the sign-up link. Any 
data collected via enrolment for females who were aware they were pregnant and any 
participant under the age of 16 who could not provide parental consent were destroyed 
and the participant was excluded from any further participation in the study.  
4.4 Data collection 
The list of consenting participants was emailed to the data collectors by the 
primary investigators. Enrolment to the study was done via a Research Electronic Data 
Capture (REDCap) (Vanderbilt University) enrolment questionnaire (Appendices E and 
F). This allowed participants to give consent and begin the questionnaire, at which point 
the study coordinators allocated a confidential ID code for each potential participant. 
Using the REDCap questionnaires (Appendices E and F), in addition to providing 
consent, participants were required to answer a series of questions about 
demographics including age and ethnicity as well as general questions about their 
health. While the 2019 survey also included questions on vegetarianism for females, 
these questions were not used for males in the 2020 survey, thus these data are not 
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presented in this thesis. The participants were then asked to complete a series of other 
questionnaires, which assessed dietary habits and attitudes and motivations to food 
choices; the questionnaires could be answered either in full, or in part, and completed 
at a later time. Consenting participants were also required to complete a questionnaire 
regarding weight loss intentions and two previous-day physical activity and screen time 
recalls. They were further asked to wear an accelerometer for seven days and to provide 
spot blood and urine samples (2019 only) if they had consented to do so during 
enrolment. Data regarding weight loss intentions, physical activity and screen time 
recalls, accelerometer results and blood and urine results is outside the scope of this 
thesis and was not analysed. Data collectors contacted participants via phone call, text 
message or email to schedule a school visit of approximately 60 minutes to obtain 
anthropometric measures and carry out the first of two 24-hour recalls. A second 
follow-up 24-hour recall was conducted at a later time via phone call or video call for a 
duration of about 30 minutes.  
4.4.1 Anthropometric measures 
All consenting participants had their height, weight and ulna length measured in 
duplicate by trained data collectors using standardised procedures (Appendix G) during 
school visit. Height was measured to the nearest 0.1cm using Seca 21 or Wedderburn 
stadiometers. Participants were asked to remove their shoes and any hair ornaments, 
if present. Once the participant’s head was aligned with the Frankfort horizontal plane, 
the headpiece was lowered to the top of their head and the participant was asked to 
take a deep breath for height measurement. Weight was measured to the nearest 0.1kg 
using one of four types of scales (Medisana PS420; Salter 9037 BK3R; Seca Alpha 770; 
or Soehnle Style Sense Comfort 400) calibrated by the research team. All participants 
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were asked to remove shoes and any heavy clothing. A third measurement of height or 
weight was only taken if the difference between the two initial measurements was 
greater than 0.5 kg for weight and 0.5 cm for height, and a final average of the three 
measurements was used.   
4.4.2 Demographics  
Demographic data was collected via the initial health and demographics REDCap 
questionnaire, as stated earlier (Appendices E and F). This questionnaire required 
participants to provide their name, date of birth, ethnicity and home address. The age 
of the participant was recorded as the age on the day the participant completed the 
questionnaire. Ethnicity was assessed using the 2006 NZ Census questions (58). 
Participants were asked to self-identify from the following options: NZ European, Māori, 
Samoan, Cook Island Māori, Tongan, Niuean, Chinese, Indian, and Other ethnicities.  If 
a participant identified with two or more groups, a single ethnic group was selected 
based on the priority system defined by the NZ MOH (58). Selecting ‘Other’ prompted 
the participant to specify the ethnic group. Socio-economic status was determined 
based on the NZ deprivation index (NZDep 2018) (59) which is area-based and 
categorises deprivation into deciles; with decile one indicating least deprived and decile 
10 indicating most deprived areas. The home address of the participant was used to 
determine neighbourhood mesh block which was then matched to the mesh block 
NZDep score. This thesis used school decile to categorise participants into socio-
economic groups to match with water fluoridation of the school. School decile is a 
measure of the socio-economic position of a school’s student community relative to 
other schools throughout the country, calculated using a range of socioeconomic 
indicators for households in the school’s catchment area (57,60). A low decile indicates 
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a higher proportion of students from low socio-economic areas compared to other 
schools throughout NZ; decile one schools reflect the 10% of schools with the highest 
proportion of students living in a low socioeconomic area, whereas decile ten schools 
reflect the 10% of schools with the lowest proportion of students living in a low 
socioeconomic area (57,60).  
4.4.3 Dietary intake 
Dietary intake was determined using two 24-hour recalls for each participant 
carried out by data collectors over a 14-day period, including weekend days, to capture 
the variation in dietary intake and activity between different days of the week. All 24-
hour recalls were interviewer-administered. The first recall was face-to-face during 
school visit on a randomly-assigned day; the second 24-hour dietary recall was over the 
phone or by video call the following week while the participant was in their own home 
for the duration of the ~30 minutes. The aim was to carry out the second 24-hour recall 
on a non-consecutive day, alternating between a weekend and weekday days, as Gibson  
(49) states that when 24-hour recalls are used to characterize the average usual intake 
of a population group, the survey should be conducted in such a way that all days of the 
week are equally represented. The use of a video call rather than a phone call for the 
second 24-hour recall was preferred as this allowed for the use of visual measurement 
aids which improved accuracy. Each recall required participants to state everything they 
ate and drank from midnight to midnight the previous day and followed standardised 
protocols (Appendix H). Data collectors also probed further for detailed food 
descriptors such as time consumed, brand names, ingredients, portion sizes and 
methods of food preparation and cooking methods. Interviewers used household 
measures (such as measuring cups), food models and portion size photographs to 
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estimate quantities consumed (Appendix I). A “tip sheet” and a list of probes was given 
to each data collector as part of the 24-hour recall protocol to ensure adequate and 
consistent information was collected (Appendices H and I). Food lists containing brands 
of commonly consumed food items were also provided to data collectors. 
All researchers were trained to carry out every 24-hour recall in accordance with 
the multiple pass method (MPM) which involved three passes to adjust for the within-
person variation in intakes (61). The first pass was a quick list and encouraged 
participants to freely report all the food and fluids consumed in the previous 24 hours. 
The second pass was to collect further information regarding the amounts, brands, 
portion sizes, cooking methods and time consumed using the resources available as 
presented in Appendix H. The third pass was a review of the information by reading 
back to the participant all the foods and fluids listed to check its accuracy and for any 
items that may have been missed. Water consumption (including amount of water per 
day and source of water) and type of salt used was collected at the end of the recall. 
 All researchers undertook two weeks of standardised training to reduce inter-
individual variation for 24-hour diet recalls and entering the dietary data. An audit of at 
least two diet recalls by each researcher was undertaken by one of the principal 
investigators (i.e. Liz Fleming, Research Fellow) to ensure uniformity and accuracy 
between researchers. All data entries were screened by a member of the research team 
for any outliers or extreme values to allow for entry errors to be identified, thereby 
reducing chance of error. 
4.4.1 Dietary Habits, Attitudes and motivations for food choice 
Participants completed questionnaires on their dietary habits and their attitudes 
and motivations for food choice via REDCap, with only the questions regarding 
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toothbrushing habits being included in this thesis (Appendix J). These online 
questionnaires were adapted from previously validated questionnaires, including the 
questionnaire used during the 2008/09 NZ Adult Nutrition Survey (NZANS), the National 
Health and Nutrition Examination Survey (NHANES) Diet and Behaviour Questionnaire, 
the National Diet Nutrition Survey (NDNS) (UK) Survey Habits Questionnaire, the 
Australian 1995 National Nutrition Survey (NNS) food-related questions, and the 
Australian Food and Nutrition Monitoring Unit short dietary questions (62). Dietary 
habit questionnaires are designed to collect information on eating habits and dietary 
behaviours associated with diet quality and nutrition-related health status (62), thus 
some questions were adapted for the purposes of this study, to make them more 
applicable for NZ adolescents.  
4.5 Data entry  
Data collectors entered each 24-hour recall into the FoodWorks 9 (Xyris 
Software Australia Pty Ltd) for nutrient analysis. FoodWorks uses the comprehensive 
food composition tables for NZ (FOODfiles 2018 (The NZ Institute for Plant & Food 
Research Limited), which was enhanced by the inclusion of the 2008/09 NZANS (62) 
recipe calculated foods, to calculate macro- and micro-nutrient content. As there are 
limited data on fluoride content of foodstuffs in the NZ Food Composition Table (29), 
any missing values for fluoride content of foodstuffs was imputed using alternative 
resources, notably files from the most recent NZ Total Diet Study (6) and the study 
conducted by Zohoori et al.  (41) in 2016 assessing sources of fluoride in the diet of 
United Kingdom residents. 
 A SuNDiAL code book (Code book SuNDiAL 2019 and 2020) was provided to 
allow for consistency across data collectors. This comprised of instructions to refer to 
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when selecting certain foods, including food weight estimation rules, default foods 
(closely related foods when insufficient information was provided to determine an 
exact food code or no match is present in FoodWorks) to use, default foods with bread 
matches, and a list of substitutions (foods with similar or identical nutrient values 
present in FoodWorks when there was no close match to the food item listed in the diet 
recall). The latter originated from previous studies by the University of Otago, notably 
the Baby-Led Introduction to Solids Study (BLISS) (63) and Support strategies for Whole-
food diets, Intermittent fasting, and Training (SWIFT) study (64). For each recalled item, 
data collectors aimed to select the exact food or drink within the FoodWorks database; 
and, selected the most appropriate match with the aim of matching the energy and 
macronutrient content within 10% if the exact item was unavailable. For home cooked 
meals or mixed food items ingredients within the database were used to create a recipe 
and the code book was continuously updated by data collectors throughout the data 
entry process to ensure consistency between entries. Any substitutions and new food 
items and recipes that were added to the database were double checked by the primary 
investigators to ensure they were an appropriate match.  
4.6 Quality control 
Quality control was ensured through standard operating procedures, outlined 
in the study protocols (Appendices G and H). All data collectors and students involved 
in the SuNDiAL project underwent intensive training on research methods, the SuNDiAL 
project data collection procedures, informed consent, conducting research and the 
collection of data (anthropometric, dietary intake, fitting accelerometers and handling 
biological samples).  
 33 
4.7 Statistical analysis 
4.7.1 Sample size and statistical power 
The SuNDiAL biostatistician, Dr Jill Haszard, was responsible for calculating the 
sample size and statistical power of the present study. For the larger SuNDiAL study, a 
design effect for school clusters was found to be 1.5 in 2019 and assumed as 1.5 in 2020. 
The aim was to recruit a sample size of 300 female participants (in 2019) and 150 male 
participants (in 2020) to provide a power of 80% to the α=0.05 level to detect a 0.5 
standard deviation (SD) difference (a “moderate” difference) in continuous outcome 
variables between males and females, while accounting for incomplete data and drop-
outs.  
4.7.2 Statistical methods 
Statistical analysis and data management were conducted by the study 
biostatistician, Dr Jill Haszard, using Stata Statistical Analysis Software (StataCorp. 2017. 
Stata Statistical Software: Release 16 College Station, Version 15.1 TX: StataCorp LLC) 
and Microsoft Excel (Microsoft Excel for Office 365).  School clusters were accounted 
for in all analyses using the appropriate methodology (e.g. using survey command, a 
sandwich estimator or as a random effect).  
4.7.3 Data analysis 
Demographic characteristics (age, ethnicity, weight category and school decile) 
were analysed by the candidate as number of participants and percentage of total 
population. Participants were categorised into one of four ethnic groups based on 
prioritised classification using the prioritisation order of Māori, Pacific, Asian and NZEO 
(NZ European and Others). For the purpose of this study, school decile categories were 
grouped as follow: low = decile 1-4; medium = decile 5-7; high = decile 8-10. Weight 
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categories were based on WHO BMI z-score, calculated using the WHO growth charts 
and BMI (weight (kg) ÷ height (m2)) for age (65). Z-score categories were as follows: 
thinness = <-2 SD; normal = between ≥-2 SD and ≤+1 SD; overweight (equivalent to BMI 
25.0kg/m2 at 19 years) = >+1 SD; obese (equivalent to BMI 30.0kg/m2 at 19 years) = 
>+2 SD (65).  
Dietary fluoride intake was calculated by the biostatistician, Dr Jill Hazsard, using 
FoodWorks to generate a value for daily fluoride intake of each participant based on 
the information from their two diet recalls. Nutrient data (from food and non-tap water 
beverages) were analysed through Multiple Source Methods (MSM) which adjusted for 
‘usual intake’(61). This allowed estimation of the day-to-day variation in nutrient intake 
using each participant’s two dietary recalls and applying the information to the whole 
dataset to give an adjusted estimate of usual intake. Two sets of values were generated: 
one set for participants in F areas, and one set for participants in NF areas. The 
candidate used both sets to stratify each participant to the F area or NF area sets of 
values based on their school location.   
To calculate the fluoride intake from tap water, the candidate gathered the most 
up-to-date water fluoride content of each relevant water treatment plant through 
online search or direct contact with district councils. Fluoride intake of each participant 
from tap water was calculated using the total water intake per day value acquired 
through the MSM multiplied by the fluoride concentration of the tap water in the area.  
Separate dietary data analyses were also carried out for participants who 
completed both 24-hour recalls, therefore had nutrient data more representative of 
usual intake; and  excluding participants with relatively high water intake values. The 
latter was carried out to reduce any unduly influence of high water intake on fluoride 
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intake when comparing males to females. To do so, the range of water intake of males 
and females were compared, and any participant who had a water intake higher than 
4L/day was considered to have a high water intake and was excluded. The data were 
then analysed similarly to the total participants.  
To calculate fluoride intake from toothpaste, the candidate created a formula 
that has not been validated, but used the results from the attitudes and motivations 
questionnaire from the specific sections relating to toothpaste use in 2019 and 2020 
(Appendix J). Each participant then reported the number of times they brush their teeth 
(<once a day, once a day, twice a day, >twice a day), what type of toothpaste they use 
(by brand), how much they use (none, a smear, a pea-sized amount, more than a pea-
sized amount) and what they do once they have finished brushing (swallow straight 
away, spit into basin then swallow or rinse with water, spit into basin, then swallow). 
Each answer was assigned a numerical value, presented in Table 4.1, that allowed 
estimation of how much toothpaste (in milligrams) was swallowed, hence how much 
fluoride from toothpaste was swallowed per day per person. The formula used to 
calculate the fluoride intake from toothpaste for each participant, using the values in 
Table 4.1, was as follows: 
TFI was determined by calculating the sum of the dietary, water and toothpaste 
fluoride values for each participant. Only participants who had completed the attitudes 
and motivations questionnaire section pertaining to toothbrushing habits (Appendix I) 
(Brush times (frequency/day)) 
x 
(toothpaste amount (g)) 
x 
(percent toothpaste swallowed per brush (%)) 
x 
(toothpaste fluoride content(mg/g)) 
= Estimated fluoride swallowed from toothpaste (mg/day) 
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and had completed at least one 24-hour diet recall (therefore, had a value for fluoride 
intake from toothpaste, water and diet) were included in the calculations for total daily 
fluoride intake. The calculations were conducted for males and females in F areas and 
NF areas. 
Table 4.1. Questions and answers from the Attitudes and Motivations questionnaire and their 
statistical values for fluoride intake estimations.  
Question: Answer options: 
Brush times per day 
> twice a 
day Twice a day Once a day 
< once a 
day 
Corresponding value: 3 2 1 0.5 
Toothpaste amount None A smear A pea-sized amount 
More than 
a pea sized 
amount 
Corresponding value1: 0g 0.15g 0.25g 0.38g 
Percent toothpaste 




Spit then swallow Rinse, spit then swallow None 
Corresponding value: 100% 50% 10% 0% 
Toothpaste F content by 
brand 
Colgate 






Corresponding value1: 1.0 mg/g 1.4 mg/g 0.0 mg/g  
1 Values adapted from publication by Creeth et al. (66). 
2 Data from online website regarding nutrition content of toothpastes (30-34). 
Fluoride intake was presented in milligrams per day as mean values and 
standard deviations. Comparisons were drawn using mean differences and 95% 
confidence intervals (95% CI) calculated by the candidate on Excel (Microsoft Excel for 
Office 365) and checked by the supervisor on Stata. The prevalence of inadequate 
intakes were calculated by the candidate, using Excel. Inadequate intakes were 
determined using the cut-off point of fluoride intake of <3mg/day for both males and 




5.1 Participant characteristics 
School and participant recruitment flowcharts are presented in Figures 5.1 and 
5.2. Due to the COVID-19 NZ level four lockdown of April-May 2020, the 2020 school 
recruitment was cut short and fewer schools were recruited in 2020 (n = 6) than 2019 
(n = 13), leading to fewer eligible participants in 2020. A total of 266 females and 135 
males were enrolled in the study. The participant demographic and anthropometric 
characteristics are presented in Table 5.1. Of the 266 females enrolled, over 60% were 
aged 17 or 18 years old as compared to 51% of the 135 males. Most participants 
identified as NZEO, followed by Māori for females and Asian and Pacific for males. 
Anthropometric data were not obtained for 26 females and 26 males who were absent 
or opted out from the school visits. Over half (60%) of male and female participants 
were classified as normal weight. More female participants (59%) lived in areas of 
medium school decile 5-7 than male participants (33%). There were more male 
participants (54.1%) grouped into the high school deciles of 8-10 than female 
participants (37%). Only participants who had completed dietary analyses and 
responded to the questionnaire sections related to toothbrushing habits, therefore had 
values for tap water, dietary and toothpaste intake, were included in the analysis for 








Figure 5.1. Flowchart of school recruitment processes and results. 





n = 108 
2020 
n = 140 
Schools selected for invitation 
n = 29 
 
SELECTION CRITERIA: 
- Largest female rolls preferred 
- Range of school deciles 
Convenient schools invited in person by 
data collectors or university liaison officers 
n = 6 
Schools invited to participate via email 
n = 29 
Schools consented to participate 
n = 13 
EXCLUDED SCHOOLS: 
Declined n = 1 
EXCLUDED SCHOOLS: 
Declined   n = 5 
No response   n = 16 
Schools invited to participate via email 
n = 140 
EXCLUDED SCHOOLS: 
Declined               n = 10 
No response    n = 122 
Declined due to COVID-19           n = 2 
 
Schools consented to participate 
n = 6 
Overall schools participated 





Figure 5.2. Flowchart of participant recruitment and data collection in 2019 and 2020 for male and female participants. 
(n = number of participants)
  
ANTHROPOMETRIC MEASURES 
Weight n = 240 
Height n = 241 
Weight not taken n = 2 
Height not taken n = 1 
QUESTIONNAIRES  
• Completed the health and 
    demographics questionnaire 
n = 264 
• Completed the attitudes and 
    motivations questionnaire 
n = 246 
• Completed the dietary habits 
        questionnaire 
n = 239 
ANTHROPOMETRIC MEASURES 
Weight n = 109 
Height n = 109 
Weight not taken n = 0  
Height not taken n = 0 
24-HOUR RECALLS 
Completed the first 24-hour recall n = 102 
Completed a repeat 24-hour recall n = 72 
Refused repeat 24-hour recall n = 30 
QUESTIONNAIRES  
• Completed the health and 
        demographics questionnaire 
n = 128 
• Completed the attitudes and 
         motivations questionnaire 
n = 124 
• Completed the dietary habits 
         questionnaire 
n = 122 
EXCLUDED  
Consent not completed (16-18 years old) n = 158 
No consent from parents (15 years old) n = 39 
Did not complete enrolment n = 12 
Responded to link then declined n = 1 
Excluded for being 19 years old       n = 1 
EXCLUDED  
Consent not completed (16-18 years old) n = 101 
No consent from parents (15 years old) n = 76 
Did not complete enrolment n = 10 
Excluded for being 19 years old       n = 1 
Did not complete any questionnaire  
     or  24-hour recall 
n = 6 Did not complete any questionnaire  
     or  24-hour recall 
n = 11 
24-HOUR RECALLS 
Completed the first 24-hour recall n = 242 
Completed a repeat 24-hour recall n = 209 
Refused repeat 24-hour recall n = 34 
Refused first but not repeat 24-hour recall n = 1 
Eligible female participants 
n = 3936 
Eligible male participants 
n = 1664 
Eligible participants sent 
enrolment link 
n = 483 
Eligible participants sent 
enrolment link 
n = 334 
Consented to participate 
n = 272 
Consented to participate 
n = 146 
Completed enrolment 
n = 266 
Completed enrolment 
n = 135 
Attended school visit 
n = 242 
Attended school visit 
n = 109 
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Table 5.1. Demographic and anthropometric characteristics of SuNDiAL participants1 
n = number of participants; % = percentage of participants; NZEO = New Zealand European or 
Other; BMI =  Body Mass Index. 
1 Missing data as follows: Females Ethnicity (n=2) and BMI Classification (n=26); Males Ethnicity 
(n=6) and BMI Classification (n=26) 
2 Weight category based on BMI z-score, calculated using the WHO growth charts and BMI (weight 
(kg) ÷ height (m2)) for age. Thinness: <-2 SD; normal: between ≥-2 SD and ≤+1 SD; overweight 
(equivalent to BMI 25.0kg/m2 at 19 years): >+1 SD; obese (equivalent to BMI 30.0kg/m2 at 19 
years): >+2 SD (65). 
3 Includes one male classified as thin. 
 
Females (n=266) Males (n=135) 
 
 
n (%)  n (%) 
Age, years      
15 - 16  104 (39.1)  66 (48.9) 
17-18  162 (60.9)  69 (51.1) 
School decile      
Low 1-4  14 (5.3)  17 (12.6) 
Medium 5-7  155 (58.3)  45 (33.3) 
High 8-10  97 (36.5)  73 (54.1) 
Ethnicity     
NZEO  207 (78.4)  73 (56.6) 
Māori  42 (15.9)  12 (9.3) 
Asian and Pacific  15 (5.7)  44 (34.1) 
BMI Classification2     
Normal3  157 (65.4)  74 (67.9) 
Overweight  57 (23.8)  29 (26.6) 
Obese  26 (10.8)  6 (5.5) 
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5.2 Results from 24-hour recalls 
Of the enrolled participants, a total of 243 females and 102 males completed 
one or both of the 24-hour recalls, with a total of 207 females and 72 males completing 
both 24-hour recalls. Table 5.2. presents the distribution of 24-hour recalls completed 
across the week for the 223 female and 80 male participants included in the final results. 
In females, Saturdays and Sundays were under-represented in the first 24-hour recalls, 
but 40% of the repeat 24-hour recalls were conducted on these two weekend days (27% 
on Sunday, 13% on Saturday). In males, Saturdays were the most under-represented 
days, with none of the first 24-hour recalls, and only 5 (8%) repeat 24-hour recalls being 
completed on a Saturday. Dietary data presented in this chapter include participants 
who completed at least one 24-hour recall as well as all questions on toothbrushing 
habits; analyses for participants who completed both recalls can be found in Appendix 
K.  
Table 5.2. The days of the week 24-hour recalls were completed for males and females. 
 Females (n (%)) Males (n (%)) 
1st 24-hr recall   
Monday 29 (13) 11 (14) 
Tuesday 49 (22) 9 (11) 
Wednesday 62 (28) 28 (35) 
Thursday 54 (24) 15 (19) 
Friday 25 (11) 9 (11) 
Saturday 0 (0) 0 (0) 
Sunday 4 (2) 8 (10) 
2nd 24-hr recall   
Monday 51 (27) 16 (26) 
Tuesday 19 (10) 7 (11) 
Wednesday 15 (8) 12 (20) 
Thursday 15 (8) 7 (12) 
Friday 13 (7) 1 (2) 
Saturday 25 (13) 5 (8) 
Sunday 52 (27) 13 (21) 
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 Table 5.3. Water fluoride concentration of each school district relevant to this study. 
1 Temporarily stopped fluoride treatment in December 2019 due to technical difficulties. As of October 2020 it is still off, but was 0.65mg/L in July-Sept 2019. 
2Indicates estimated value, as actual measurement was not available: estimation for Yes = 0.75mg/L; estimation for No = 0.05mg/L 
 Region Fluoride in water (mg/L) Date measured Date accessed 
Drinking water not treated with fluoride     
 Christchurch 0.11 February-March 2020 June 2020 
 Clutha1 0.03 September 2019-April 2020 September 2020 
 Nelson 0.052 N/A September 2020 
 New Plymouth 0.06 N/A September 2020 
 Northland 0.052 N/A September 2020 
 Rotorua 0.05 Unknown September 2020 
 Tauranga 0.05 December 2019 September 2020 
Drinking water treated with fluoride     
 Auckland 0.70 March 2020 September 2020 
 Dunedin 0.75 N/A September 2020 
 Kapiti 0.752 N/A September 2020 
 Wellington 0.56 June 2019 September 2020 
 43 
5.2.1 Fluoride intake from water 
The water fluoride concentration of each school district is presented in Table 
5.3 and was obtained either through direct contact to the district councils via phone call 
or email, or through water quality reports found online. Water fluoride levels ranged 
from 0.03 to 0.11 mg/L in NF areas and from 0.56 to 0.75 mg/L in F areas. When no 
information on water fluoride concentration was available, water fluoride levels were 
estimated as 0.05mg/L in NF areas, and as 0.75mg/L in F areas. As of September 2020, 
67 (50%) of male participants and 108 (41%) of female participants attended schools in 
areas with CWF. Of these, 66 (98%) of male participants and 64 (59%) of female 
participants attended schools categorized as high decile (8-10) (Table 5.4). No 
participant from a low decile (1-4) school lived in an area with CWF. No region had a 
water fluoride concentration above the MAV of 1.5 mg/L (2,35). The water intake from 
tap water in F areas of male participants was significantly lower than female 
participants, with mean (SD) of 1.50 (0.72) L/day and 2.55 (1.36) L/day, respectively. A 
similar pattern was not observed between male and female participants in NF areas 
(Table 5.5).  The highest tap water intake in males was 4.0L/day, while 21 (9%) of 
females had a tap water intake >4.0 L/day (n = 12 in F areas, n = 9 in NF area). It was 
reported that water-loading for weight loss was used by some female participants 
(Meredith Peddie, personal communication).  
The fluoride intake from tap water of all participants is presented in Table 5.6. 
Females had a significantly higher fluoride intake from tap water than males in F, but 
not in the NF areas with a mean difference (95% CI) of 0.89 (0.64, 1.13) and 0.02 (0.00, 
0.05) mg/day, respectively. If participants with a tap water intake >4.0 L/day were 
excluded from the dataset, the mean difference (95% CI) in fluoride intake between  
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females and males were reduced to 0.63 (0.42, 0.84) mg/day in F areas and remained 
non-significant in the NF areas (mean difference (95% CI): 0.01 (-0.01, 0.03) mg/day) 
(Appendix K.3). Further analysis conducted also showed no significant difference 
between males and females in NF areas (see Appendix K). 
Table 5.4. Proportion of all participants enrolled in the study having access to fluoridated 
water by school decile group. 
F = Fluoridated water areas (0.56-0.75 mg of fluoride per L); NF = Non-fluoridated water areas (0.03-
0.11 mg of fluoride per L); n = number of participants; % = percentage of participants 
Participants in F areas had a significantly higher fluoride intake from water than 
participants in NF areas, although the mean difference (95% CI) was more significant for 
females (1.77 (1.57, 1.96) mg/day) than males (0.90 (0.76, 1.05) mg/day). When female 
participants with a water intake >4L/day were excluded from the dataset (i.e. similar to 
males), the mean difference between females in F areas and NF areas was reduced to 
1.52 mg F/day, but remained significant (Appendix K.3). 
5.2.2 Dietary fluoride intake  
Males had a significantly higher mean energy intake than females in both F and 
NF areas (Table 5.5).  There was no significant difference between the energy intake for 
males and females in NF and F areas. Females living in F areas had a significantly higher 
fluoride intake from diet than females living in NF areas (mean (SD): 0.38 (0.25) and 
0.29 (0.25) mg/day, respectively) and a significantly lower fluoride intake from diet than 
males in F area (mean (SD): 0.51 (0.28) mg/day) (Table 5.6). A similar pattern was 
observed when only the results of participants who completed two 24-hour diet recalls 
were analysed (Appendix K.1). 
 Females (n (%)) Males (n (%)) 
Decile group F area (n = 108) NF area (n = 158) F area (n = 67) NF Area (n = 68) 
Low 1-4 0 (0) 14 (9) 0 (0) 17 (25) 
Medium 5-7 44 (41) 111 (70) 1 (1) 44 (65) 
High 8-10 64 (59) 33 (21) 66 (99) 7 (10) 
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Table 5.5. Energy and water intake of males and females living in areas with fluoridated and non-fluoridated water. 
Fluoridated water areas = 0.56-0.75 mg of fluoride per L; Non-fluoridated water areas = 0.03-0.11 mg of fluoride per L; n = number of participants; SD = standard deviation 
CI = Confidence interval 
  Females (n = 223)  Males (n =79) 
Mean Difference (95% CI) 
 n (%) Mean ± SD n (%) Mean ± SD 
Energy intake (KJ/day)      
Fluoridated water area 109 (49) 8035 ± 1649 39  (49) 9309 ± 2696 -1274 (-2175, -373) 
Non-fluoridated water area 114 (51) 7905 ± 1931 40 (51) 10400 ± 2395 -2495 (-3318, -1673) 
Mean difference (95% CI)  130 (-341, 601)  -1091 (-2216, 35)  
      
Tap water intake (L/day)      
Fluoridated water area 109 (49) 2.55 ± 1.36 39  (49) 1.50 ± 0.72 1.05 (0.70, 1.39) 
Non-fluoridated water area 114 (51) 1.86 ± 1.22 41 (51) 1.73 ± 0.91 0.13 (-0.23, 0.49) 
Mean difference (95% CI)  0.68 (0.35, 1.02)  -0.23 (-0.590, 0.13)  
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Table 5.6. Total fluoride intake from all sources per day in fluoridated and non-fluoridated areas for males and females (in mg/day). 
 
 
Fluoridated water areas = 0.56-0.75 mg of fluoride per L; Non-fluoridated water areas = 0.03-0.11 mg of fluoride per L; n = number of participants; SD = standard 
deviation; CI = Confidence interval 
 
 Diet (Mean ± SD) Mean difference 
(95% CI) 
 Toothpaste (Mean ± SD) Mean difference 
(95% CI)  Females Males  Females Males 
Fluoridated water areas 0.38 ± 0.25 0.51 ± 0.28 -0.13 
(-0.24, -0.03) 
 0.13 ± 0.15 0.14 ± 0.14 
-0.01 
(-0.06, 0.04) 
 (n = 109) (n = 39)   (n = 109) (n = 39)  
Non-fluoridated water areas 0.29 ± 0.25 0.31 ± 0.18 -0.02 
(-0.06, 0.07) 




(n = 114) (n = 41)   (n = 114) (n = 41) 
 









(-0.06, 0.03)  
        
 
Tap Water 
(Mean ± SD) Mean difference (95% CI) 
 Diet + Toothpaste + Tap water (Mean ± SD) Mean difference (95% CI) 
 Females Males  Females Males 
Fluoridated water areas 1.87 ± 1.04 0.98 ± 0.46 0.89 
(0.64, 1.13) 
 2.37 ± 1.04 1.63 ± 0.66 
0.74 
(0.45, 1.03) 
 (n = 109) (n = 39)   (n = 109) (n = 39)  
Non-fluoridated water areas 0.10 ± 0.07 0.08 ± 0.06 0.02 
(0.00, 0.05) 




(n = 114) (n = 41)   (n = 114) (n = 41) 
 













5.3 Fluoride intake from toothpaste 
Of the total enrolled participants, 246 female and 124 male participants 
completed the Attitudes and Motivations questionnaire (Appendix J) on REDCap 
providing information on their tooth brushing habits, including amount and type of 
toothpaste use. Of these, a total of 212 (86%) females and 121 (98%) males reported 
use of toothpaste containing fluoride (ranging from 1.0 to 1.5 mg/g). The remaining 
participants used either no toothpaste or toothpaste with no added fluoride when 
brushing their teeth, therefore toothpaste did not contribute to fluoride intake. When 
analyzing the TFI presented in Table 5.6, participants who had completed the attitudes 
and motivations questionnaire but did not complete one or both 24-hour recalls were 
not included as they did not have a tap water and dietary fluoride intake value; thus 
only 223 females and 80 males are included in the interpretation of results from tooth 
brushing sections of the Attitudes and Motivations questionnaire. 
A total of 209 (94%) females and 70 (88%) males reported to brush their teeth 
twice or more a day. Furthermore, 220 (99%) females and 78 (98%) males reported 
using a pea-sized or more than a pea-sized amount of toothpaste when brushing their 
teeth, with 192 (86%) females and 78 (98%) males reporting to brush teeth with 
fluoridated toothpaste of 1.0-1.5 mg/g. Lastly, 148 (66%) females and 69 (86%) males 
reported that after brushing their teeth, they spit into the basin, rinse with water then 
spit into the basin again, while 2 (1%) females and 2 (3%) males reported to not spit into 
the basin or rinse at all after brushing their teeth. The latter belong to the group that 
were assumed to have swallowed 100% of the fluoride from their toothpaste.  
Toothpaste provided a range of 0.00-0.83 mg and 0.00-0.62 mg of fluoride per 
day in females and males, respectively. There was no significant difference of overall 
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fluoride intake from toothpaste between males and females in both F and NF areas. 
When comparing participants living in F areas and NF areas, toothpaste contributed a 
larger proportion of fluoride to the total intake for participants in NF areas (28% for 
females, 28% for males) than participants in F areas (5% for females, 9% for males). 
5.4 Total fluoride intake from all sources 
The total intake of fluoride per day by each participant in presented in Table 5.6 
and the breakdown of proportion of participants’ intake meeting the AI of 3 mg/day is 
presented in Figure 5.3. Four different analyses were done on the total sources of 
intake, presented in Table 5.6 and Appendix K, all with different exclusion criteria, for 
comparison. Only the two main analyses are presented in Figure 5.3. A total of two (5%) 
of male and 32 (33%) of female participants in F areas had a daily intake of fluoride 
equal or above the AI of 3mg/day. Of these, 12 females in F areas met the AI for fluoride 
through tap water only, ranging from 4.0 to 6.5 L of tap water/day; with the remaining 
20 females and two males having tap water intake ranging from 2.6 to 3.9 L/day. 
Therefore, 14% of the 223 females and 3% of the 80 males met the AI. When 
participants with a tap water intake >4 L/day were excluded (Appendix K.3) there was 
no change for males but 20 out of the 97 females living in F areas (i.e. 21%) met the AI 
for fluoride (Figure 5.3).  
The range of fluoride intake was 0.66-5.20mg/day for females and 0.72-
3.48mg/day for males living in F areas, and 0.10-1.89 mg/day for females and 0.22-1.11 
mg/day for males living in NF areas. As such, no participant had a daily fluoride intake 
meeting or higher than the UL of 10 mg/day. Among the participants living in F areas, 
tap water contributed to 79% and 60% of the total daily fluoride intake of females and 
males, respectively. In contrast, tap water contributed to 18% and 16% of the total daily 
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fluoride intake of female and male participants living in NF areas, respectively. Diet 
provided 52% and 62% of TFI for females and males in NF areas, respectively. 
Meanwhile, diet and toothpaste together provided on average ≤ 1.00 mg/day of 
fluoride in all areas for both males and females.
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Figure 5.3. Proportion of participants with fluoride intake meeting AI, meeting half of the AI or meeting less than half of the AI of 3mg/day based on four 
different analyses. 
 










Figure x = Proportion of participants intake meeting AI, meeting half of the AI or meeting less than half of the AI of 3mg/day based on four 
different analyses. 
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Legend  
Blue = percent of participants with an adequate total daily fluoride intake of or more than 3 mg/day. 
Orange = percent of participants with a total daily fluoride intake between 1.5 to 3 mg/day. 






In this cross-sectional study, TFI was determined from diet, toothpaste and 
water; only 32 females (i.e. 14% of total females) and two males (i.e. 3% of total males), 
all of which lived in F areas, met the AI for fluoride of 3 mg/day. Diet and toothpaste, 
together, provided less than 1.00 mg/day of fluoride in these adolescents, which 
highlights the important contribution of fluoridated water to TFI. This study found that 
the daily fluoride intake of adolescent males and females was significantly higher for 
participants living in F areas than those living in NF areas; females consumed, on 
average, 1.81 mg/day more fluoride and males consumed 1.13 mg/day more fluoride 
in F areas. Of the total participants, 50% of males and 41% of females had access to 
CWF, a similar proportion to the NZ population, where 48% have access to CWF (9).  
6.1 Fluoride intake from toothpaste 
In this study, the method of determining fluoride intake from toothpaste was by 
self-report but based on information suggested by the MOH (2,4,25). The mean range 
of intake of fluoride from toothpaste of 0.13 to 0.16 mg/day in this sample of 15-18-
year-old adolescents was slightly lower than the 0.20 mg/day estimated in another NZ 
study by Cressey et al. (10) in 14-18-year-olds (Table 2.3). Furthermore, the mean range 
was lower than previous direct measurements of 0.34 mg/day of fluoride from 
toothpaste in the 1996 Chowdhury et al. study (40) and 0.75-0.82 mg/day from 
toothpaste in the 2018 FLOSS study (39) for NZ children (Table 2.3). This is likely due to 
young children having less control over their swallowing reflexes than adolescents and 
swallowing more toothpaste, and therefore consuming more fluoride from toothpaste 
(2). Toothpaste was not a significant source of fluoride in most of these adolescents and 
 52 
contributed from five to 29% of TFI, therefore the findings do not align with findings by 
Cressey et al. (10) that toothpaste is the most common source of ingested fluoride, after 
tap water, in NZ. While toothpaste contributed a larger proportion of fluoride to the TFI 
for participants in NF areas than participants in F areas, there was no significant 
difference in the quantity of fluoride from toothpaste between F and NF areas nor 
between females and males. The contribution of toothpaste to total fluoride intake can 
be influenced by a number of factors associated with the process of toothbrushing, 
including frequency, concentration of fluoride in toothpaste, quantity of toothpaste 
used, and rinsing. When looking at the MOH guidelines for toothbrushing (2,25), 94% 
of females and 88% of males met the guideline to brush teeth at least twice a day; 86% 
of females and 98% of males met the guideline to brush teeth with fluoridated 
toothpaste of 1.0-1.5 mg/g; and, 99% of females and 98% of males met the guideline to 
use a pea-sized amount or more of toothpaste when brushing their teeth. However, 
few met the NZ MOH’s recommendation to spit out (not swallow) and not rinse after 
brushing teeth (2,25), as 66% of females and 86% of males reported to spit, rinse, then 
swallow, a behaviour which decreased their estimated intake of fluoride from tooth 
brushing from 50% of fluoride in toothpaste to 10% (refer to Table 4.1).  
6.2 Dietary fluoride intake 
This is the first study to directly measure dietary fluoride intake in NZ 
adolescents. Diet contributed 52% and 62% of the TFI per day in NF areas for females 
and males, respectively, with a mean intake of 0.28 mg/day (Table 5.6). In comparison, 
diet contributed to 16% and 31% of the TFI per day in F areas for females (0.38 mg/day) 
and males (0.51 mg/day), respectively. However, both males and females had on 
average, a small but significantly higher intake in dietary fluoride (0.20mg/day for 
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males, 0.09 mg/day for females) if they were from F areas compared to NF areas. The 
use of fluoridated water in cooking, the amount of water used, and the fluoride retained 
during food preparation, can all increase the fluoride content of a food (17). Differences 
in the fluoride content of foods was taken into account in this study, as many foods 
imputed into the food composition database had two values, a lower value for NF areas 
and a higher value for F areas based on the school location of each participant.  
6.3 Fluoride intake from water 
6.3.1 Water fluoridation in New Zealand 
Only two (Auckland and Dunedin) of the four areas in this study that were 
designated as fluoridated (Table 5.3) met the NZ MOH’s recommendation for a level of 
fluoride in drinking water of 0.7-1.0 mg/L (4); the water fluoride concentration of Kapiti 
was estimated at 0.75 mg/L and may be an overestimation, while the fluoride 
concentration in the Wellington region was 0.56 mg/L. The lower-than-recommended 
level in Wellington is of concern, as water treatment plants are reported to be regularly 
monitored (2,9), suggesting that the recommendation for water fluoridation is not 
being followed. No region in this study had a water fluoride concentration above the 
MAV of 1.5 mg/L for fluoride, set out in the 2018 Drinking-water Standards for NZ (35). 
Overall, there was a larger proportion of male and female adolescents living in NF areas, 
which reflects the pattern of the NZ population, a situation that is at odds with the 
MOH, the WHO and other international health authorities, who recommend CWF  as 
the best community intervention favouring oral health, when possible (2,4,7). A finding 
of particular concern is that none of the participants in low decile (1-4) schools had 
access to CWF. Given that caries rates are disproportionally higher in more deprived 
areas in NZ (1), it is concerning that access to CWF was lower for participants attending 
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schools of low decile than high decile. Given that as a means of promoting CWF, the 
MOH may subsidize the capital costs for territorial local authorities, considering each 
case as it arises (1), the questions as to why more regions and larger cities, such as 
Christchurch, are not fluoridating water supplies in NZ and why the Health (Fluoridation 
of Drinking Water) Amendment Bill (37) has not yet passed, remain.  
6.3.2 Fluoride intake from water in F versus NF areas 
Tap water provided 79% and 60% to TFI in F areas for females and males, 
respectively, corresponding to a mean intake of fluoride from tap water of 1.87 mg/day 
and 0.98 mg/day. In comparison, tap water contributed only 18% and 16% of the TFI 
intake of females and males in NF areas, respectively, which is expected as the fluoride 
content of NF water was nearly ten-folds lower than F water. As such, the fluoride intake 
from tap water was significantly higher in F areas than NF areas, with mean difference 
of 1.77 mg/day and 0.90 mg/day for females and males, respectively. The contribution 
of water to TFI in the F and NF areas is higher than that estimated by Zohoori et al. (3) 
for Western countries, who found that the contribution of drinking water to the total 
dietary fluoride intake of children ranged from 4% in NF areas to 54% in communities 
with optimally fluoridated water. This is likely explained by toothpaste having a larger 
contribution to TFI in children, making water a relatively smaller contributor (3,10).  
6.3.3 Female versus male participants’ water and fluoride intake 
Females had a significantly higher intake of fluoride from tap water than males 
in F areas, with a mean difference of 0.89 mg/day. This finding is explained by females 
having, on average, 1.05 L/day more tap water than males in the F area, despite the 
significantly higher energy and dietary fluoride intakes in males. The higher water intake 
in females can be explained, in part, by some females "water-loading", a popular 
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weight-loss technique. Additional analysis was undertaken whereby participants who 
had a tap water intake above 4L/day were excluded (Appendix K.2 and K.3) finding that 
the significant difference in fluoride from tap water intake in the F areas between 
females and males remained. Another explanation for the observed difference in F 
areas is the fluoride concentration of the tap water: males lived in F areas where the 
fluoride concentration in the water ranged from 0.56-0.75 mg/L whereas the fluoride 
concentration of tap water in the F areas for females was 0.75mg/L, contributing to the 
higher fluoride intake from tap water for females than males.  
6.4  Total fluoride intake from all sources 
The results from this study confirm previous findings that the TFI for adolescents 
in NZ, including fluoride ingested from diet, tap water, and toothpaste, is below the 
recommended AI, even in F areas (2,6). As there was no statistically significant 
difference in fluoride intake from toothpaste between females and males residing in F 
versus NF areas, and only a very small difference in the fluoride intake from diet 
between males and females in F areas, water is the differentiating source. The fluoride 
intake of participants in F areas was over four-fold higher in females and over three-
fold higher in males than in NF areas, confirming previous findings by Cressey et al. (10) 
that access to CWF increases fluoride intake two to three times the intake under 
conditions with no CWF. Females in F areas also had a significantly higher TFI of 0.74 
mg/day higher than males, but there was no significant difference in TFI between males 
and females in NF areas. The difference in F areas, as mentioned earlier, is associated 
with the differences between males and females in the amount of tap water consumed 
per day and concentration of fluoride in the water. Only a small proportion of 
participants (3% of males, 14% of females), all in F areas, had a daily TFI at or above the 
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AI (Figure 5.3). Not surprisingly, no participant was at risk of reaching the UL for fluoride 
of 10mg/day, confirming that adolescents are not at high risk of exposure to excess 
fluoride intake, even when living in areas of fluoridated water and using toothpaste at 
1.0-1.5 mg/g (2). 
6.5 Strengths and limitations 
A major strength of this study was the standardized procedures used for data 
collection, which included eight weeks of training in research methods and data 
collection and the adherence to strict protocols. Furthermore, dietary data were 
collected twice with a repeat rate of 24-hour recalls at 85% in females and 75% in males, 
considerably more than the five to 15% recommended by Gibson (49), increasing 
statistical strength. To account for unusually large intakes of tap water, additional 
analyses were conducted to determine if high water intake (i.e.>4L/day) unduly 
influenced total fluoride intakes (Appendix K). This study also obtained fluoride intake 
from all possible sources, including diet, water and toothpaste, and unlike previous 
studies in NZ, actual dietary intakes were assessed. Finally, the study had a proportion 
of participants living in F areas vs NF areas that was representative of the proportions 
in the NZ population. 
The study was limited by initial aim of recruiting 300 female (in 2019) and 150 
male (in 2020) participants not being met, with 266 females and 135 males recruited. A 
total of 223 female and 80 male participants were included in the analyses for TFI (Table 
5.6), therefore, less than half as many males participated than females. This was mainly 
due to Covid-19 halting participant recruitment in phase two for males. Another 
limitation was that the 24-hour recalls were not collected evenly throughout the 
weekdays and weekends (Table 5.2). This makes determining usual intake of fluoride 
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more difficult (49). To compensate for this, the repeat recalls included more weekend 
days than the initial recalls and, were taken in non-consecutive days, to minimize any 
correlation in eating behaviours between the consecutive days (49). Moreover, the use 
of data from a UK database to impute for missing values for fluoride in foodstuff may 
not have been representative of NZ. However, the FLOSS study (39) used the same 
database and determined, with duplicate diet samples, that the values highly 
correlated, suggesting this database is suitable for use in NZ. Lastly, the intake of 
fluoride from toothpaste was not measured directly but was an estimate.  
6.6 Implications for future research  
This study raises concern about the fluoride intake of adolescents and calls for 
further research. A study with a more representative sample including more Māori and 
Pacific participants, age and socio-economic status is needed to confirm the results. The 
study also raises questions about CWF in NZ, including coverage, monitoring and level 
of fluoridation. Future research should also aim to examine the main dietary sources of 
fluoride available currently in NZ and their contribution to TFI.   
7 Conclusion 
This study is the first in NZ to look at the actual intake of fluoride from all sources 
for adolescents. In this study, the only source of fluoride that enabled participants to 
meet the AI was drinking water with added fluoride at levels of 0.75mg/L. These results 
agree with the WHO’s and the Royal Society of NZ’s recommendation to fluoridated 
drinking water as the best  community-level protection from dental caries (2,5). Lastly, 
the findings call for action from district councils that are not currently treating tap water 
for fluoride, putting over 50% of New Zealanders at risk of not meeting daily fluoride 
recommendations, therefore not being optimally protected from caries.
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8 Application of research to dietetic practice 
High quality, up-to-date evidence forms the basis of dietetic practice. Dental 
caries is a multi-factorial disease that remains the most common chronic disease for 
New Zealanders of all ages (1,2). This study is the first in NZ to measure fluoride intake 
of adolescents from all sources, including dietary, water and toothpaste, using robust 
methods. This study outlines the importance of fluoride on the dental health of 
individuals, particularly for the protection from dental caries, while highlighting that 
only 32 (14%) female and 2 (3%) male participants had an adequate daily fluoride 
intake, a concerningly low proportion. The results also indicate that the differentiating 
source that allowed any participant to meet the AI for fluoride was CWF, establishing 
fluoridated tap water as the most effective source of adequate fluoride intake on a 
community-level in optimally fluoridated areas in this study; a finding supported in the 
literature (2,3,5–7,10).  
In every-day dietetic practice, fluoride is not a nutrient that is typically 
incorporated into dietetic advice. However, dietitians are health professionals and have 
a duty to improve public health, therefore, they can raise awareness of fluoride, the 
importance of using fluoridated toothpaste, and consuming fluoridated water to reduce 
the risk of dental caries. The results of this study provide an impetus for dietitians to 
advocate for an increase in public health measures that protect the community, 
especially CWF, which is currently available to only 48% of the NZ population (9). 
Science-backed advocacy for CWF is particularly important in the current environment 
of debate and fear-mongering (1). Given the impact poor dental health can have 
throughout the lifespan, combined with the finding that only 14% of female and 3% of 
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male participants in this study had an adequate daily fluoride intake, it is paramount 
that dietitians, together with other health professionals, advocate for the 52% of New 
Zealanders who have no access to CWF and are at higher risk of dental caries (9). 
8.1 Personal Reflection 
 Carrying out a research project is challenging, unpredictable and rewarding. I 
began this project with little interest in fluoride, as I did not see how fluoride could be 
important in my future practice as a dietitian. However, upon reading article after 
article, and discovering the importance of fluoride in oral health, I gained a new sense 
of purpose. Conducting this research made me realize that even though I will not be 
directly involved with my future patients’ dental care, as a future healthcare 
professional, I can be involved in advocating for patients to have optimal fluoride intake, 
whether it be by informing public health policies through my research or by educating 
my patients directly. This research was made even more challenging due to Covid-19 
and delay in results, and subsequent thesis writing. I have never before appreciated the 
subtle difficulties of a research project and the sense of accomplishment in completing 
this thesis. In the end, I can say that I enjoyed the process, despite all the ups and downs. 
I became more confident in my capabilities after each draft was finished, and more 
determined to make sure the findings matter. This project also sparked my interest in 
research and my desire to take on more projects in the future. I now feel that I am well-
informed about fluoride and capable to advocate for optimal CWF, recently, taking an 
opportunity to query comments by a health professional who opposed CWF. Looking 
back at where I started and how far this research has come, I believe that all the 
challenges I faced were worth the outcome.  
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Manager, Academic Committees, Mr Gary Witte
H19/004
Dr J Haszard
Department of Human Nutrition
Division of Sciences
Dear Dr Haszard,
I am writing to let you know that, at its recent meeting, the Ethics Committee considered your
proposal entitled “SuNDiAL Project 2019: Survey of Nutrition Dietary Assessment and
Lifestyle Phase 1: Adolescent Females”.
As a result of that consideration, the current status of your proposal is:- Approved
For your future reference, the Ethics Committee’s reference code for this project is:- H19/004.
The comments and views expressed by the Ethics Committee concerning your proposal are
as follows:-
While approving the application, the Committee would be grateful if you would respond to the
following:
Information Sheet
A typing error was noted on the Information Sheet, under the heading “Is there any risk of
discomfort or harm from participation?”, line 3, “some” should read “someone”.
Consent Form
Please amend the Consent Form to include an option for participants to indicate whether they
would prefer for their blood samples to be disposed of using standard methods or with a
Karakia.
Please provide the Committee with copies of the updated documents, if changes have been
necessary.
The standard conditions of approval for all human research projects reviewed and approved
by the Committee are the following:
Conduct the research project strictly in accordance with the research proposal submitted and
granted ethics approval, including any amendments required to be made to the proposal by
the Human Research Ethics Committee.
Appendix A – Ethical Approval (2019 and 2020) 
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Inform the Human Research Ethics Committee immediately of anything which may warrant
review of ethics approval of the research project, including: serious or unexpected adverse
effects on participants; unforeseen events that might affect continued ethical acceptability of
the project; and a written report about these matters must be submitted to the Academic
Committees Office by no later than the next working day after recognition of an adverse
occurrence/event. Please note that in cases of adverse events an incident report should also
be made to the Health and Safety Office:
http://www.otago.ac.nz/healthandsafety/index.html
Advise the Committee in writing as soon as practicable if the research project is discontinued.
Make no change to the project as approved in its entirety by the Committee, including any
wording in any document approved as part of the project, without prior written approval of the
Committee for any change. If you are applying for an amendment to your approved research,
please email your request to the Academic Committees Office:
gary.witte@otago.ac.nz
jo.farrondediaz@otago.ac.nz
Approval is for up to three years from the date of this letter. If this project has not been
completed within three years from the date of this letter, re-approval or an extension of
approval must be requested. If the nature, consent, location, procedures or personnel of your
approved application change, please advise me in writing.
The Human Ethics Committee (Health) asks for a Final Report to be provided upon














Manager, Academic Committees, Mr Gary Witte
H20/004
Dr M Peddie
Department of Human Nutrition
Division of Sciences
Dear Dr Peddie,
I am again writing to you concerning your proposal entitled “SuNDiAL Project: Survey of
Nutrition Dietary Assessment and Lifestyle 2020: Adolescent males.”, Ethics Committee
reference number H20/004.
Thank you for your email of 5th February 2020 with response attached addressing the issues
raised by the Committee.
On the basis of this response, I am pleased to confirm that the proposal now has full ethical
approval to proceed.
The standard conditions of approval for all human research projects reviewed and approved
by the Committee are the following:
Conduct the research project strictly in accordance with the research proposal submitted and
granted ethics approval, including any amendments required to be made to the proposal by
the Human Research Ethics Committee.
Final report: A Final Report is required by the Committee upon completion of the study. The
Final Report template can be found on the Human Ethics Web Page
https://www.otago.ac.nz/council/committees/committees/HumanEthicsCommittees.html
Adverse or unforeseen events: Inform the Human Research Ethics Committee immediately
of anything which may warrant review of ethics approval of the research project, including:
serious or unexpected adverse effects on participants; unforeseen events that might affect
continued ethical acceptability of the project; and a written report about these matters must
be submitted to the Academic Committees Office by no later than the next working day after
recognition of an adverse occurrence/event. Please note that in cases of adverse events an
incident report should also be made to the Health and Safety Office:
http://www.otago.ac.nz/healthandsafety/index.html
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Discontinuation: Advise the Committee in writing as soon as practicable if the research
project is discontinued.
Amendments: Make no change to the project as approved in its entirety by the Committee,
including any wording in any document approved as part of the project, without prior written
approval of the Committee for any change. If you are applying for an amendment to your
approved research, please email your request to the Academic Committees Office:
gary.witte@otago.ac.nz
jo.farrondediaz@otago.ac.nz
Locality authorisation: Studies requiring locality authorisation, i.e. permission from the
organisations at which the study is taking place or from which participants are being
accessed, must be confirmed before the study commences.
Approval period: Approval is for up to three years from the date of this letter. If this project
has not been completed within three years from the date of this letter, re-approval or an
extension of approval must be requested. If the nature, consent, location, procedures or















Monday, 17 December 2018 
Dr Meredith Peddie 




Tēnā Koe Dr Meredith Peddie 
The SuNDiAL Project 2019: Survey of Nutrition, Dietary Assessment and Lifestyle. 
The Ngāi Tahu Research Consultation Committee (the Committee) met on Tuesday, 11 
December 2018 to discuss your research proposition. 
By way of introduction, this response from The Committee is provided as part of the 
Memorandum of Understanding between Te Rūnanga o Ngāi Tahu and the University. In the 
statement of principles of the memorandum it states ″Ngāi Tahu acknowledges that the 
consultation process outline in this policy provides no power of veto by Ngāi Tahu to research 
undertaken at the University of Otago″. As such, this response is not ″approval″ or ″mandate″ 
for the research, rather it is a mandated response from a Ngāi Tahu appointed Committee. 
This process is part of a number of requirements for researchers to undertake and does not 
cover other issues relating to ethics, including methodology they are separate requirements 
with other Committees, for example the Human Ethics Committee, etc. 
Within the context of the Policy for Research Consultation with Māori, the Committee base 
consultation on that defined by Justice McGechan: 
″Consultation does not mean negotiation or agreement. It means: setting out a proposal not 
fully decided upon; adequately informing a party about relevant information upon which the 
proposal is based; listening to what the others have to say with an open mind (in that there is 
room to be persuaded against the proposal); undertaking that task in a genuine and not 
cosmetic manner. Reaching a decision that may or may not alter the original proposal.″ 
 
The Committee considers the research to be of importance to Māori health.  
 
As this study involves human participants, the Committee strongly encourages that ethnicity 
data be collected as part of the research project as a right to express their self-identity.  
 
The Committee suggests researchers consider the Southern District Health Board's Tikaka 
Best Practice document, in particular patient engagement. The document also covers the 
collection, storage and disposal of blood and tissue samples. This document is available on 
the Southern District Health Board website. The Committee also refers researchers to Te 
Mana Raraunga Māori Data Audit Tool, which gives an overview of key Māori Data 
Sovereignty terms and principles. 
 
 






We wish you every success in your research and the Committee also requests a copy of the 
research findings. 
This letter of suggestion, recommendation and advice is current for an 18-month period from 
Tuesday, 11 December 2018 to 3 June 2020. 
 
The recommendations and suggestions above are provided on your proposal submitted 
through the consultation website process. These recommendations and suggestions do not 
necessarily relate to ethical issues with the research, including methodology. Other 
Committees may also provide feedback in these areas. 




Senior Project Manager 
Office of Māori Development 
Te Whare Wānanga o Otāgo 














Wednesday, 12 February 2020 
Dr Meredith Peddie 




Tēnā Koe Dr Meredith Peddie, 
SuNDiAL Project: Survey of Nutrition Dietary Assessment and Lifestyle 2020: 
Adolescent males 
The Ngāi Tahu Research Consultation Committee (the Committee) met on Tuesday, 
11 February 2020 to discuss your research proposition. 
By way of introduction, this response from the Committee is provided as part of the 
Memorandum of Understanding between Te Rūnanga o Ngāi Tahu and the 
University. In the statement of principles of the memorandum it states ″Ngāi Tahu 
acknowledges that the consultation process outline in this policy provides no power 
of veto by Ngāi Tahu to research undertaken at the University of Otago″. As such, 
this response is not ″approval″ or ″mandate″ for the research, rather it is a mandated 
response from a Ngāi Tahu appointed committee. This process is part of a number of 
requirements for researchers to undertake and does not cover other issues relating 
to ethics, including methodology they are separate requirements with other 
committees, for example the Human Ethics Committee, etc. 
Within the context of the Policy for Research Consultation with Māori, the Committee 
base consultation on that defined by Justice McGechan: 
″Consultation does not mean negotiation or agreement. It means: setting out a 
proposal not fully decided upon; adequately informing a party about relevant 
information upon which the proposal is based; listening to what the others have to 
say with an open mind (in that there is room to be persuaded against the proposal); 
undertaking that task in a genuine and not cosmetic manner. Reaching a decision 
that may or may not alter the original proposal.″ 
The Committee is aware of the researcher's experience in similar studies that have 
been referred to this Committee. As in the past, the Committee encourages the 
collection of ethnicity data as part of the research project as a right of participants to 
express self-identity. The Committee also supports the analysis of cultural 
perspectives on diet, nutrition and social activities such as screen time which may 
have an impact on the research findings.  
 
The Committee acknowledges the aims and outcomes of this research project, and 
wishes to advise that further consultation is not required. 
 
This letter of suggestion, recommendation and advice is current for an 18-month 




appreciate receiving a copy of the research findings. 
 
The recommendations and suggestions above are provided on your proposal 
submitted through the consultation website process. These recommendations and 
suggestions do not necessarily relate to ethical issues with the research, including 
methodology. Other committees may also provide feedback in these areas. 
Nāhaku noa, nā 
 
Claire Porima 
Manager, Māori Research Consultation; Senior Project Manager 
Office of Māori Development 
Te Whare Wānanga o Otākou 
















          Participant Information Sheet 
 
Study title: The SuNDiAL Project 2019: A survey of nutrition, dietary 
assessment and lifestyle  
Principal 
investigators: 
Names Dr Jill Haszard & Dr Meredith Peddie 
Department: Human Nutrition 
Position: Research Fellows 
Contact phone 
number: 
03 479 5683 
03 479 8157  
 
Introduction 
Thank you for showing an interest in this project.  Please read this information sheet carefully. 
Take time to think about it and talk with family or friends before you decide whether to take 
part or not. 
If you decide to take part we thank you.  If you decide not to take part that won’t disadvantage 
you and we thank you for considering our request.    
What is the aim of this research project? 
We don’t know much about teenage women’s food intakes and lifestyles in New Zealand. We 
suspect that they don’t get enough of some nutrients like iron sometimes, and that this can 
make them feel tired and affect their health. Teenagers often make their own decisions about 
what foods to eat, but we don’t know very much about why they choose the foods they eat. 
Therefore in 2019 the SuNDiAL project is going to investigate food intakes, nutrition, health, and 
why female high school students (aged 15-18 years) choose to eat the way they do. 
Who is funding this project? 
This project is funded by the Department of Human Nutrition, University of Otago, and a 
Lottery Health Research Grant.  
 
Who are we seeking to participate in the project? 
We are looking for at least 300 female high school students who are between 15 and 18 years 
old.  To be eligible to take part, your high school must have agreed to take part in the study, 
you must speak and understand English, and be able to complete the questionnaires. 
 







If you participate, what will you be asked to do? 
If you agree to take part in this study you will be asked to do three things: 
1) Complete an online questionnaire 
After you have completed the consent process you will be asked to complete a 
questionnaire that asks questions about your health and some general questions such as 
what ethnicity you identify with this questionnaire also asks you about your overall eating 
habits, and why you choose to eat the foods that you do.  This questionnaire will take about 
30 min to complete.   
2) Attend a session at your school with our research team  
This visit will take about 60 minutes and you will be asked to: 
• Complete a face to face interview with one of our research team during which you 
will be asked to recall everything you ate and drank the day before.   
• At this session one of our research team will also measure your height, your weight, 
and the length of your lower arm – these measurements will be done twice to make 
sure they are as accurate as possible. This will be done in a private space and you 
won’t be told these measurements unless you ask for them.  
3) Complete a second interview about the food you have eaten on another day 
Sometime in the 2 weeks after you have finished the session at school you will be contacted 
by the research team and asked to complete a second interview in which you will be asked 
to recall everything you ate and drank on a different day of the week than the first 
interview .  This is important because sometimes you can eat quite differently from one day 
to the next.  This interview will be performed over facetime or zoom, at a time that is 
convenient for you. 
 
There are three other parts to the SuNDiAL project that are entirely optional.  
Please read the following information carefully before you decide whether to take part in 
these optional bits of the study. If you agree to do these, but change your mind later, that’s OK 
- there is no disadvantage to not you if you decide not to do these. You will be asked again on 
the day if you still want to do them. 
1) Provide a blood sample 
We would like you to provide a blood sample (which would be collected by someone with 
extensive training in how to collect blood during the session at school), but we understand 
that not everyone feels comfortable about this so it is entirely up to you if you do this.  
However, if you do provide a blood sample, we can tell you whether you’re iron deficient or 
not. You can still take part in the rest of the study even if you don’t do this bit. 
2) Provide a urine sample 
We would also like you to give a urine (“pee”) sample (which is easy for you collect yourself 
in the bathroom with the equipment we give you, during the session at school). You can still 
take part in the rest of the study even if you don’t do this bit. 
3) Wear an accelerometer for a week 
We would also like you to wear a small red box called an accelerometer on an elastic belt 






much time you spend sitting down, moving around, and sleeping.  If you choose to wear the 
accelerometer you will be asked to complete a little diary about the times your took the 
device off, and what time you went to bed each night on the days that you wear it. One of 
our research team will return to your school the week after this visit to collect the 
accelerometer. You can still take part in the rest of the study even if you don’t do this bit. 
After the completion of the study you will receive a $5 voucher for each component of the 
study that you complete.  That is $5 for completing the online questionnaire, $5 for completing 
the face to face interview about what you ate in the last 24 hours, $5 got completing the 
second interview about what you ate;  $5 for providing a blood sample; $5 for providing a 
urine sample or $5 for wearing the accelerometer for a week.  Adding to a possible total of $30 
in vouchers. 
 
Is there any risk of discomfort or harm from participation? 
If you choose to provide a blood sample, you should know that there is a risk of a little pain or 
discomfort, and possibly a small bruise from the blood test.  Any bruising should only last a few 
days and an experienced nurse or phlebotomist (someone with training to take blood samples) 
will collect the blood to minimize any discomfort to you. 
 
What specimens, data or information will be collected, and 
how will they be used?  
The answers you provide to the questionnaires and the food questionnaire will be entered into 
a database with every other participants’ answers. All your answers will be kept confidential 
and stored using an id number, not your name. This information will provide valuable and 
unique information about the nutrition status of female high school students in New Zealand. 
Information about why people eat the way they do will also be very helpful if some eating 
patterns provide health benefits. Ultimately, the results of this study will support the 
development of up-to-date government and health agency guidelines for young women in 
New Zealand. 
If you provide a blood sample it will be divided into 3 separate parts.  One part will be taken to 
a local laboratory where it will be analysed for Vitamin B12 concentrations and a complete blood 
count.  The other two parts of your blood sample will be transported to the Department of 
Human Nutrition at the University of Otago where they will be stored in a freezer until we have 
finished collecting all the blood samples from around the country.  When all the blood samples 
have been collected, one part of your blood sample will be sent to Germany where it will be 
analysed for ferritin, soluble transferrin receptor, retinol binding protein, C-reactive protein and 
alpha-glycoprotein.  We are sending this sample to Germany because they have a special 
machine that can measure these things on a much smaller amount of blood, at a smaller cost, 
than we can do in New Zealand.  The remaining part of your blood sample will remain at the 
Department of Human Nutrition, where it will be analysed for plasma selenium and plasma zinc, 
thiamin, plasma folate, Vitamin B6, Leptin, Interlukin-6 and blood lipids. 
If you provide a urine sample it will also be transported to the Department of Human Nutrition 






Once all of the analysis on your blood and urine samples has been completed they will be 
disposed of using standard biohazard protocols.  On the consent form you can indicate to us if 
you would like your samples disposed of with a Karakia (Māori Prayer).  We will only lest your 
samples for the things listed here, and won’t test them for anything else. 
What about anonymity and confidentiality? 
Your information will be identified with an ID number only in the database that contains the 
results of the study.  This database will be stored on the researchers’ computers which are 
password protected.  A backup copy may also be stored on the University’s shared server 
space, but only Jill Haszard and Meredith Peddie will have the password so no one else can 
access the information .   
The information linking you to your ID number will be stored in a separate password protected 
file that only Jill Haszard and Meredith Peddie will have access to.  The only reason they would 
access this information once you have completed the study would be if you requested your 
individual results.  This file will be destroyed once all participants have been given the 
opportunity to request individual information.  The de-identified information collected as part 
of this research will be kept in secure storage for at least 10 years. 
 
If you agree to participate, can you withdraw later? 
You may pull out of the project before the study has been completed (anticipated to be 
October 2019) without any disadvantage to yourself of any kind. Once data collection is 
completed and your information is integrated into the study it will no longer be possible to 
withdraw your information from the study. 
 
Any questions? 
If you have any questions now or in the future, please feel free to contact either: 
 
Name: Dr Jill Hazsard 
Position: Senior Research Fellow 
Department of Human Nutrition 
Contact phone number: 
03 479 5683 
Name: Dr Meredith Peddie 
Position: Research Fellow 
Department of Human Nutrition 
Contact phone number: 
03 479 8157 
 
This study has been approved by the University of Otago Human Ethics Committee (Health). If 
you have any concerns about the ethical conduct of the research you may contact the 
Committee through the Human Ethics Committee Administrator (phone +64 3 479 8256 or 
email gary.witte@otago.ac.nz). Any issues you raise will be treated in confidence and 




Participant Information Sheet 
 
Study title: The SuNDiAL Project 2020: A survey of nutrition, dietary 
assessment and lifestyle  
Principal 
investigators: 
Names Dr Jill Haszard & Dr Meredith Peddie 
Department: Human Nutrition 
Position: Research Fellows 
Contact phone number: 
03 479 5683 
03 479 8157  
 
Introduction 
Thank you for showing an interest in this project.  Please read this information sheet carefully. Take 
time to think about it and talk with family or friends before you decide whether to take part or not. 
If you decide to take part we thank you.  If you decide not to take part that won’t disadvantage you 
and we thank you for considering our request.    
What is the aim of this research project? 
The food and activity patterns of teenage boys probably influence their health and wellbeing. 
However, we don’t know much about teenage boys’ food intakes and physical activity patterns in New 
Zealand. Teenagers often make their own decisions about what foods to eat, but why they choose the 
foods they do is not well known. Last year we conducted a similar study in teenage girls. To get a more 
complete picture of what the teenagers of New Zealand eat and how they spend their time the 
SuNDiAL project is now going to investigate the food intakes and physical activity of adolescent males 
(aged 15-18 years), and why they choose to eat the way they do. 
Who is funding this project? 
This project is funded by the Department of Human Nutrition, University of Otago 
Who are we seeking to participate in the project? 
We are looking for at least 150 male high school students who are between 15 and 18 years old.  To 
be eligible to take part, your high school must have agreed to take part in the study, you must speak 
and understand English, and be able to complete the questionnaires. 




If you participate, what will you be asked to do? 
If you agree to take part in this study you will be asked to do three things: 
1) Complete an online questionnaire 
After you have completed the consent process you will be asked to complete an online 
questionnaire that asks questions about your health and some general questions such as what 
ethnicity you identify with. This online questionnaire also asks you about your overall eating 
habits, and why you choose to eat the foods that you do. It should take about 30 minutes to 
complete all the online questionnaires.   
2) Attend a session at your school with our research team  
This visit will take about 60 minutes during the school day and you will be asked to: 
• Complete a face to face interview with one of our research team where you will be asked 
to recall everything you ate and drank the day before.  They will also ask you to recall how 
you spent your time during that day. 
• At this session one of our research team will also measure your blood pressure, height, 
weight, and the length of your lower arm. Blood pressure will be measured three times, 
and the other measurements will be taken twice to make sure they are as accurate as 
possible. This will be done in a private space and you won’t be told these measurements 
unless you ask for them.  
 
3) Complete a second interview about the food you have eaten and your physical activity on 
another day 
Sometime in the 2 weeks after you have finished the session at school you will be contacted by 
the research team and asked to complete a second interview where you will be asked to recall 
everything you ate and drank and how you spent your time on a different day of the week than 
the first interview.  This is important because sometimes you can eat quite differently or do 
different activities from one day to the next.  This interview will be performed over Facetime or 
Zoom, at a time that is convenient for you. 
There are three other parts to the SuNDiAL project that are entirely optional.  
Please read the following information carefully before you decide whether to take part in these 
optional bits of the study. If you agree to do these, but change your mind later, that’s OK - there is 
no disadvantage to you if you decide not to do these. You will be asked again on the day if you still 
want to do them. 
1) Provide a blood sample 
We would like you to provide a blood sample (which would be collected by someone with 
extensive training in how to take a blood sample), but we understand that not everyone feels 
comfortable about this so it is entirely up to you if you do this. However, if you do provide a 
blood sample, we can tell you the cholesterol and HBA1c concentrations in your blood. 
Cholesterol in a type of fat, and HbA1c is a measure of how much sugar you have had in your 
blood over the last few weeks. You can still take part in the rest of the study even if you don’t do 
this bit. If you do agree to give a blood sample, an appointment will be made to get this done at 
school, and collection of the sample should only take about 10 minutes.  
2) Provide a urine sample 
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We would like you to give a urine (“pee”) sample (which is easy for you collect yourself in the 
bathroom with the equipment we give you). You can still take part in the rest of the study even if 
you don’t do this bit. If you do agree to give a urine sample, we will tell you a day that you can 
drop in and do this at school. 
3) Wear an accelerometer for a week 
We would like you to wear a small red box called an accelerometer on an elastic belt 24 hours a 
day for the seven days following the session at your school.  This will tell us how much time you 
spend sitting down, moving around, and sleeping.  If you choose to wear the accelerometer you 
will be asked to complete a little diary about the times you took the device off, and what time 
you went to bed each night on the days that you wear it. One of our research team will return to 
your school the week after this visit to collect the accelerometer. You can still take part in the 
rest of the study even if you don’t do this bit. 
After the completion of the study you will receive a $5 supermarket voucher for each component of 
the study that you complete . That is $5 for completing the online questionnaire, $5 for completing 
the face to face interview about what you ate in the last 24 hours and what activity you did, $5 for 
completing the second interview about what you ate and what activity you did;  $5 for providing a 
blood sample; $5 for providing a urine sample or $5 for wearing the accelerometer for a week.  
Adding to a possible total of $30 in supermarket vouchers. 
Is there any risk of discomfort or harm from participation? 
If you choose to provide a blood sample, you should know that there is a risk of a little pain or 
discomfort, and possibly a small bruise from the blood test.  Any bruising should only last a few days 
and an experienced nurse or phlebotomist (someone with training to take blood samples) will collect 
the blood to minimise any discomfort to you. 
What specimens, data or information will be collected, and how 
will they be used?  
The answers you provide to the questionnaires and the food and activity questionnaire will be 
entered into a database with every other participants’ answers. All your answers will be kept 
confidential and stored using an ID number, not your name. This information will provide valuable 
and unique information about the food intakes and activity levels of male high school students in 
New Zealand. Information about why people eat the way they do will also be very helpful as some 
eating patterns provide health benefits. Ultimately, the results of this study will support the 
development of up-to-date government and health agency guidelines for young men in New 
Zealand. 
If you provide a blood sample it will be taken to a local laboratory where it will be analysed for 
cholesterol and HbA1c concentrations.   
If you provide a urine sample it will be transported to the Department of Human Nutrition at the 
University of Otago where it will be stored in a freezer until it is analysed for iodine concentrations.  
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Once all of the analysis on your blood and urine samples has been completed they will be disposed of 
using standard biohazard protocols.  We will only test your samples for the things listed here, and 
won’t test them for anything else. 
What about anonymity and confidentiality? 
Once your information has been collected and entered into our database your information will be 
identified with an ID number only.  This database will be stored on the researchers’ computers which 
are password protected.  A backup copy may also be stored on the University’s shared server space, 
but only Jill Haszard and Meredith Peddie will have the password so no one else can access the 
information .   
The information linking you to your ID number will be stored in a separate password protected file 
that only Jill Haszard and Meredith Peddie will have access to.  The only reason they would access 
this information once you have completed the study would be if you requested your individual 
results.  This file will be destroyed once all participants have been given the opportunity to request 
individual information.  The de-identified information collected as part of this research will be kept 
in secure storage for at least 10 years. 
If you agree to participate, can you withdraw later? 
You may pull out of the project before the study has been completed (anticipated to be October 
2020) without any disadvantage to yourself of any kind. Once data collection is completed and your 
information is integrated into the study it will no longer be possible to withdraw your information 
from the study. 
Any questions? 
If you have any questions now or in the future, please feel free to contact either: 
Name: Dr Jill Haszard 
Position: Senior Research Fellow 
Department of Human Nutrition 
Contact phone number: 
03 479 5683 
Name: Dr Meredith Peddie 
Position: Research Fellow 
Department of Human Nutrition 
Contact phone number: 
03 479 8157 
 
This study has been approved by the University of Otago Human Ethics Committee (Health). If you 
have any concerns about the ethical conduct of the research you may contact the Committee through 
the Human Ethics Committee Administrator (phone +64 3 479 8256 or email 
gary.witte@otago.ac.nz). Any issues you raise will be treated in confidence and investigated and you 




The SuNDiAL Project 2020: A survey of nutrition, dietary 
assessment and lifestyle 
Principal Investigators: Dr Jill Haszard  (jill.haszard@otago.ac.nz, ph 03 479 5683) and                        
Dr Meredith Peddie (meredith.peddie@otago.ac.nz, ph 03 479 8157) 
PARTICIPANT CONSENT 
 
Please click the “Agree” button below if: 
- You have read the information sheet above and understand the aims of the study 
- You have had all your questions answered about the study and understand that you can 
ask for more information at any stage 
- You are a young man who is 15 to 18 years old  
- You have chosen to take part, but you know you can pull out of the study any time before 
it finishes in October 2020 
- You know that as a participant you will be asked to complete online questionnaires about 
why you choose to eat the foods that you do, and have your blood pressure, height, 
weight and the length of your forearm measured, and complete interviews about the food 
that you eat and how you spend your time over two different 24 h periods 
- You know that the responses you provide to the questionnaires in this study will be 
recorded against an ID number not your name.  The information linking you to this ID 
number will be destroyed once all the data has been collected and you have been given 
the opportunity to request your individual information. The remaining data, which will not 
be able to be linked back to you in anyway, will be placed in secure storage and kept for at 
least ten years 
- You understand the results of the project may be published and be available from the 
University of Otago Library 
- You know that no commercial use will be made of this data 
- You know that for each component of the study you complete you will receive a $5 
voucher (up to a possible total of $30) 
 
Agreeing to this part of the study does not mean that you have agreed to give a blood sample, a 
urine sample or to wear an accelerometer (you will be asked about those bits separately) 
If you do not wish to participate in the SuNDiAL Project, please decline participation by clicking on 
the “Disagree” button 
AGREE/DISAGREE 
If DISAGREE selected 
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Thank you for thinking about taking part in the SuNDiAL project and for telling us it isn’t 
something you’re interested in doing. 
If AGREE selected 
Thank you for agreeing to taking part in the SuNDiAL project! Please answer the following two 
questions so we can check you are eligible : 
1) What is your age? (select from drop down box) 
2) Which high school do you attend? (select from drop down box) 
If not met: Thank you! Unfortunately you are not eligible to take part in the SuNDiAL project this 
year because you aren’t in our age range J 
If met: Thank you! You are eligible to take part in the SuNDiAL project. Would you also like to 
participate in any of the optional components of the study? 
Optional components: 
1) Providing a Blood Sample  
Please click the “Agree” button below if: 
- You agree to have a blood sample collected by a phlebotomist (someone with special 
training in how to take a blood sample) 
- You understand the possible risk and discomfort involved in providing a blood sample 
- You understand that your blood sample will be analysed locally for concentrations of 
cholesterol and HbA1c 
- You know that the concentrations of things measured in your blood will be recorded 
against an ID number.  The information linking you to this ID number will be destroyed 
once all the data has been collected and you have been given the opportunity to request 
your individual information. The remaining data, which will not be able to be linked back to 
you in any way, will be placed in secure storage and kept for at least ten years 
- You will receive an additional $5 voucher if you provide a blood sample 
 




2) Providing a Urine Sample  
Please click the “Agree” button below if: 
- You agree to provide a urine sample 
- You understand that your urine sample will be frozen and transported to the University of 
Otago where it will be stored until it is analysed for iodine concentrations 
- You understand that your urine sample will only be analysed for iodine concentrations 
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- You know that the concentrations of iodine measured in your urine will be recorded against 
an ID number.  The information linking you to this ID number will be destroyed once all the 
data has been collected and you have been given the opportunity to request your 
individual information. The remaining data, which will not be able to be linked back to you 
in any way, will be placed in secure storage and kept for at least ten years 
- You will receive an additional $5 voucher if you provide a urine sample 
If you do not wish to provide a urine sample, please click the “Disagree” button 
AGREE/DISAGREE 
 
3) Wearing an accelerometer for 7 days 
Please click the “Agree” button below if: 
- You agree to wear an accelerometer for 24 hours a day for seven days 
- You understand the during this time you will asked to record in a diary provided to you 
when you take the accelerometer on and off, and when you go to bed each night 
- You know that amount of time you spend sleeping and moving will be recorded against an 
ID number.  The information linking you to this ID number will be destroyed once all the 
data has been collected and you have been given the opportunity to request your 
individual information. The remaining data, which will not be able to be linked back to you 
in anyway, will be placed in secure storage and kept for at least ten years 
- You will receive an additional $5 voucher if you wear the accelerometer for seven days and 
return it to the research team when they visit your school 
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Anthropometric Measurements  
 
To complete anthropometric measurements you will need: 
x This protocol 
x A stadiometer that has been assembled correctly, and positioned 
appropriately against a straight wall 
x A set of body weight scales 
x A steel anthropometric measuring tape 
x The blood pressure and anthropometry recording sheet 
 
Make sure you have taken the ID number from the name & ID spreadsheet and 
written it correctly on the blood pressure and anthropometry recording sheet. 
 
Gain verbal consent from the participant for each measurement and explain fully what 
you will do to obtain them, specifically asking them if it is ok to touch the top of their 
head with the stadiometer when doing the height measurement. Before beginning, 




1. Ask the participant to remove their shoes, as well as any hair 
ornaments or buns/braids on the top of the head. 
2. If the participant is taller than the investigator, use a step tool 
to take the measurements.  Errors can be minimised by the 
investigator being parallel to the participant and the headpiece.  
3. Tell the participant to stand with their heels together and toes 
apart pointing outward at approximately a 60-degree angle. 
 
Legs straight 
Feet flat – heels 
together; feet 
pointed outward 
at 60o angle 
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4. Make sure the back of the head, shoulder blades, buttocks, and heels of the 
participant are touching the backboard/stadiometer. 
5. Make sure the participant’s head is aligned in the Frankfort horizontal plane, 
where a horizontal line connects from the ear canal to the lower border of the 
orbit of the eye. 
6. Lower the headpiece to rest firmly on the top of the participant’s head and ask the 
participant to stand as tall as possible and take a deep breath. 
7. Record the result to the nearest 0.1 cm in the HEIGHT 1 box on the recording sheet 
without informing the participants.   
 
WEIGHT  
1. Ask the participant to remove any heavy clothing (such as jackets, heavy tops, 
boots etc). As the participant would have just had their height measurement done, 
they should not be wearing shoes. 
2. Turn on the scales, ensure they are switched on to metric (kg). 
3. Ask the participant to step on to the scales so that they are facing away from the 
display (to prevent seeing the weight) cautioning them that they need to step up 
onto the scales. 
4. Wait for the scales to read or come to a stable number. 
5. Record the participant’s weight to the nearest 0.1 kg in the WEIGHT 1 box on the 
recording sheet without informing the participant.  
 
ULNA LENGTH:  
Ulna length is measured between the point of the elbow 
and the midpoint of the prominent bone of the wrist using 
an anthropometric steel tape. This value is then compared 
with a standardized height conversion chart. Participants 
should be dressed in light clothing with no wrist watch or 
other jewellery on the arm that is to be measured. 
 
Fig 2: ulna length measurement 
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1. Measure between the point of the elbow and the midpoint of the prominent bone 
of the wrist (non-dominant side). 
2. Read and accurately record the measurement to the nearest 0.1 cm in the UNLA 
LENGTH 1 box on the recording sheet without informing the participants. 
 
NB: anthropometry tapes have a blank lead before measurement markings start - 
consider this when reading a measurement. 
 
 
REPEAT ALL MEAUREMENTS 
Repeat all three measurements again, in the same order, entering the measurements 
in the HEIGHT 2, WEIGHT 2 and ULNA LENGTH 2 box as appropriate (do no tell 
participant measurements). 
CHECK: are any of the 1st and 2nd measurements are more than 0.5 units apart?  If so 
take a third measurement where required.  
 
Anthropometric measurements will need to be entered into REDCap (see REDCap 







Participant ID:  Interviewer:  
    











(to nearest 0.1 kg) 
 
 
ULNA LENGTH 1 





Do the height, weight and ulna measurements 
fall within 0.5 of each other? 

















(to nearest 0.1 kg) 
 
 
ULNA LENGTH 3 




(to nearest 0.1 cm) 
 
WEIGHT 2 
(to nearest 0.1 kg) 
 
ULNA LENGTH 2 
(to nearest 0.1 cm) 
 
NO (greater than 0.5) 
Take a third 
measurement 
YES (0.5 or lower): 
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24 Hour Dietary Recall 
 
To complete the 24 h dietary recall you will need: 
x This protocol, including the tips sheet and useful prompts. 
x The 24 h dietary recall recording sheet. 
x Portion size box, including measurement aids and food photographs. 
 
Make sure you have taken the ID number from the name & ID spreadsheet and 
written it on every page of the 24 h diet recall recording sheet. 
 
Explain the 24 h recall to the participant 
 
“I am going to ask you about everything that you ate and drank yesterday.  Please try 
to recall, and tell me about everything that you had to eat at drink, whether it be at 
home, or away from home, including snacks, drinks and water. We are not here to 
decide if what your eating is healthy or not – we just want to understand what boys 
around New Zealand are eating, so we would like you to be really honest with us” 
 
Stage One – Quicklist 
“First, we will make a quick list of all the things you ate and drank, and then we will go 
back over this list and I will ask you more details about the specific foods and drinks, 
and the amounts.”   
 
“It might help you remember what you ate by thinking about where you were, who 
you were with, or what you were doing yesterday; like going to school, eating out, or 
watching TV.  Feel free to keep these activities in mind and say them aloud if that 
helps.” 
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“So starting from midnight the day before yesterday, what was the first thing you 
remember eating?” 
 
Start recording quick list – keep prompting until finished  
 
“That’s great.  Sometimes people forget to tell us about drinks, particularly water 
when we do this list.”   
 
“How much water do you remember drinking yesterday?” (record)  
 
“Did you have any other drinks you might have forgotten about?” (record) 
 
Stage two – Collect more information 
“I am now going to ask you some more specific questions about each food.  We also 
need to work out how much of each food that you ate or drank” 
 
“Let’s start at the beginning – the first thing you remember eating was xxxx”  (record) 
 
What time did you eat/drink that? (record) 
 
Go on to collect specific information that is relevant to each food based on the tips 
provided on the tip sheet.  Record as much specific information as you can.  Record 
each food item in a different row. 
 
Use the photos and measurement aids to help the participant estimate the portion 
size.  Remember that brand and package size will always give you the most accurate 
information. 
 
Before you go onto the next food on the quick list be sure to ask if they added anything 
to the food they have just described. 
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Stage 3 – check for any further additions 
 
“Ok, thanks for working with me to provide all of that detail.  We are now going to do 
one more check to make sure there isn’t anything else that should be on this list.  I am 
going to read this list back to you.  If you remember anything else that you ate while I 
am reading it back to you please interrupt me and we will record it” 
 
Read through with the participant all the food and drink they have listed 
 
“Is there anything you can think of that we need to add in?” (record as necessary) 
 
“Last Question:  Do you know if the salt you use at home contains iodine?” (tick 
appropriate box) 
 
“Great thank you again.  If it is ok with you one day in the next week I would like to 
ring you and go through this process again on a different day, so that we can get an 
idea of how the foods you eat change from day to day.  What time of the day (outside 
of school time) would suit you for me to ring you?” 
 
Record preferred times - remember, ideally this second 24 h recall will occur on a 
randomly selected day, but that might not always be possible (at the very least it 
should be a different day of the week than today)  
 










Remember that the more information you can obtain about each food the more 
accurate the data is going to be.  Please keep in mind that some of your fellow MDiet 
students are writing their thesis on nutrients (like Folate) that will vary from brand to 
brand depending on fortification so please be as careful and accurate as possible. 
 
You need to gather more information about each food identified on the Quicklist.  
Below are some prompts that might help you do this. 
 
Where possible for packaged foods collect the brand name. 
 
Potential questions to consider asking (depending on the food reported): 
x What is the brand name? 
x Was it fresh, canned, frozen or rehydrated? 
x Was it home made?  Do they know the recipe? If they do record on the recipe 
sheet) – this is more important for savory foods than baking (as the basic 
composition of a biscuit or a cake varies much less than the composition of, 
for example, a stir fry) 
x How was it cooked?  Was it baked, fried, or boiled? 
x Was the item coated before cooking, if so what it with flour, batter, eggs, or 
breadcrumbs etc? 
x Was it standard, low fat, low sugar caffeine free? 
 
Do not 
x Collect information about herbs and spices that are used in very small 
quantities 
x Ask leading questions 
x Ask for recipes for traditional home baking, but do note if it is gluten free.  
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x Make assumptions  




9 Keep your prompts neutral 
9 Ask about cooking method and the type of fat used in cooking e.g. if they say 
baked, ask what with? 
9 Collect brand names for margarine, butter, juices/fruit drinks, breakfast 
cereals, energy drinks, breads, dairy alternatives (e.g. almond milk) as the 
micronutrient content of these products can vary considerably from brand to 
brand 
9 Ask for the recipe for less traditional home baking (e.g. brownies made with 
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Useful Probes for Specific Food Groups 
 
FRUIT 
x Peeled or unpeeled 
x Colour? – e.g. red/green apple 
x Tinned? – if so was it tinned in syrup or juice, how much of the syrup/juice did they 
have  




x Fresh, frozen or tinned (if tinned were they tinned with flavoured 
sauce/syrup/juice) 
x Cooking method – boiled, baked (with fat/oil – what type and how much?), 
microwaved, steamed etc 
x Colour – e.g. red/green capsicums 
x Potatoes – with or without skin, if mashed what was added and how much? 
x Quantities could be recorded in cups (sliced/whole/mashed/diced) or how much of 
a whole vegetable (e.g. ½ a medium capsicum) 
x Use photos to help estimate portion size for similar vegetables not shown in 
pictures (e.g. broccoli can be used to estimate cauliflower, peas can be used for 
corn or bean etc).  Use thickness guides and rulers to help estimate sliced 
vegetables (e.g. cucumber) 
 
DAIRY 
x Milk – brand name and fat content (show picture of bottle tops) 
x Yoghurt – brand and with fruit or plain/natural or vanilla, reduced fat, low fat 
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x Cheese - type (e.g. Edam, Colby, Feta), brand, grated (in cups or use pictures) or 
sliced (thickness guides) 
 
NUTS 
x Roasted, raw, salted, other favouring, blanched 
x Whole, chopped, slivered 
x Mixed – with or without peanuts 




x White, wholemeal, wholegrain, light or dark rye (use photos to help with 
identification) 
x Brand name (important for fortification) 
x Toast or sandwich slice (thick or thin) 
x For buns – any toppings (don’t worry about small amounts of seeds, but do record 
cheese, bacon etc) 
 
MARGARINE/BUTTER/TABLE SPREAD 
x People often use the term butter and margarine interchangeably so collect the 
brand name (do not comment on the fact they might not have used the correct 
description) 
x Low fat or standard 
x Phytosterols (cholesterol reducing) 
x Use pictures to help indication of thickness of spread 
 
DRINKS 
x Juices/Fruit Drinks  
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o 100% juice or fruit drink 
o No sugar added or sweetened? 
o Added vitamins 
o Commercial or freshly squeezed 
o Did they dilute with water, is so how much? 
o Use cups or pictures of cans and bottles to help estimate portion size 
 
x Fizzy drinks 
o Brand 
o Flavour 
o Diet, standard, zero sugar, type of sweetener 
o Caffeinated 
o Use cups or pictures of cans and bottles to help estimate portion size 
 
x Made from liquid (cordial) or powdered concentrate (Raro) 
o Brand and flavour details of concentrate 
o Standard or low energy/ low sugar version 
o How much concentrate? 
o Did they make it with water or something else? 
o How much water or other substance was added? 
 
PACKAGED FOODS 
x Brand and package size most important 
x Did they consume everything in the packet? 
 
MIXED DISHES 
x Try and record recipe if possible 
x If recipe unavailable try and get as much detail as possible 
x Check any protein ingredients, starchy ingredients, vegetables, sauces 
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First o or Second o 24 h Recall  
 
Participant ID:  Interviewer:  
     








































Participant ID:  Interviewer:  
    







































Participant ID:  Interviewer:  
    





Is this participant willing to participate in a second 24 recall?  Yes o  No o 
 
 
If so what time suits them to be rung? 
 














Participant ID:  Interviewer:  
    
Date:  Day of the Week:  
 
Was salt added to any of the food reported (either at the table or in cooking/recipes) ?  Yes o     No o      Don’t know o     
If so was it iodised? Yes o     No o      Don’t know o 
3 
 
Detailed 24 h Recall 
 
Time Description of Food or Drink Brand Amount Leftovers/Second 
helpings 
     
     
     
     
     
     
     
     
     
     
     
     
 121 
 











































































































































































































































































Department of Human Nutrition  
University of Otago  
PO BOX 56 Dunedin  
New Zealand  
 
©Human Nutrition Department (2019)  
 
 
The following photos are attributed to Intake24 and are copyright (c) 2016. They are made available 
under an open government licence.  
 
Baked beans Grated cheese Noodles Shepard’s pie  
Broccoli  Gravy Peas Sliced chicken 
Cabbage Ice cream Popcorn Sliced meat 
Carrots Mac and cheese Porridge  Spiral pasta 
Chips Mashed potato Rice Tomato sauce 




































Appendix J – REDCAP Attitudes and Motivations questionnaire 






































Participant numbers as follows:  F areas: n(females) = 100; n(males) = 25; NF areas: n(females) = 92; n(males) = 29.
 Diet  
(mean ± SD) 
Mean difference 
(95% CI) 
 Toothpaste  
(mean ± SD) 
Mean difference  
(95% CI)  Females Males  Females Males 
Fluoridated water areas 0.38 ± 0.24 0.51  ± 0.11 -0.13 
(-0.18, -0.02) 
 0.12 ± 0.16 0.14 ± 0.15 
-0.02  
(-0.09, 0.05) 
Non-fluoridated water areas 0.28 ± 0.20 0.27  ± 0.16 0.01  
(-0.05, 0.08) 
 0.18 ± 0.15 0.15 ± 0.14 
-0.03 
(-0.03, 0.09) 












 Tap Water  




Diet + Toothpaste + Tap water  
(mean ± SD) 
Mean difference  
(95% CI)  Females Males  Females Males 
Fluoridated water areas 1.92 ± 1.08 0.91 ± 0.47 1.01 
(0.57, 1.45) 
 2.42 ± 1.06 1.56 ± 0.60 
0.86 
(0.72, 1.39) 
Non-fluoridated water areas 0.10 ± 0.07 0.07 ± 0.06 0.03  
(0.00, 0.06) 















 Females (n = 207) Males (n = 72) 
Mean Difference (95% CI)  Mean ± SD Mean ± SD 
Energy intake (KJ/day)    
Fluoridated water area 7987 ± 1645 9581 ± 2840 -1594 (-2468, -720) 
Non-fluoridated water area 7872 ± 1917 10072 ± 2238 -2200 (-3032, -1369) 
Mean difference (95% CI) 115 (-387, 629) -485 (-1930, 562)  
Tap water intake (L/day)    
Fluoridated water area 2.61 ± 1.40 1.43 ± 0.78 1.18 (0.61, 1.76) 
Non-fluoridated water area 1.81 ± 1.18 1.20 ± 1.07 0.61 (0.12, 1.08) 
Mean difference (95% CI) 0.80 (0.31, 1.07) 0.23 (-0.11, 0.88)  
Appendix K – Total fluoride intake additional analyses 
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 Diet  
(mean ± SD) 
Mean difference 
(95% CI) 
 Toothpaste  
(mean ± SD) 
Mean difference  
(95% CI)  Females Males  Females Males 
Fluoridated water areas 0.39 ± 0.26 0.51  ± 0.11 -0.12 
(-0.22, -0.02) 




areas 0.27 ± 0.20 0.27  ± 0.16 
0.00  
(-0.07, 0.06) 
 0.18 ± 0.15 0.15 ± 0.14 
0.03 
(-0.03, 0.09) 












 Tap Water  




Diet + Toothpaste + Tap water  
(mean ± SD) 
Mean difference  
(95% CI)  Females Males  Females Males 
Fluoridated water areas 1.62 ± 0.76 0.91 ± 0.47 0.71 
(0.38, 1.03) 




areas 0.09 ± 0.04 0.07 ± 0.06 
0.02  
(0.00, 0.04) 















 Females (n = 172) Males (n = 72) 
Mean Difference (95% CI) 
 Mean ± SD Mean ± SD 
Energy intake (KJ/day)    
Fluoridated water area 8040 ± 1643 9580 ± 2840 -1540 (-2443, -637) 
Non-fluoridated water area 7921 ± 1955 10072 ± 2238 -2151 (-3004, -1299) 
Mean difference (95% CI) 119 (-342, 689) -492 (-1930, 562)  
    
Tap water intake (L/day)    
Fluoridated water area 2.21 ± 0.98 1.43 ± 0.78 0.78 (0.45, 1.05) 
Non-fluoridated water area 1.57 ± 0.80 1.20 ± 1.07 0.37 (0.02, 0.63) 
Mean difference (95% CI) 0.64 (0.35, 0.95) 0.23 (-0.08, 0.88)  
Participant numbers as follows: F areas: n(females) = 80; n(males) = 25; NF areas: n(females) = 93; n(males) = 29. 
 142 





















 Diet  
(mean ± SD) 
Mean difference 
(95% CI) 
 Toothpaste  
(mean ± SD) 
Mean difference  
(95% CI)  Females Males  Females Males 
Fluoridated water areas 0.39 ± 0.25 0.51  ± 0.28 -0.12 
(-0.23, -0.03) 
 0.13 ± 0.15 0.14 ± 0.14 
0.01  
(-0.06, 0.05) 
Non-fluoridated water areas 0.28 ± 0.24 0.31  ± 0.18 -0.03 
(-0.08, 0.06) 
 0.18 ± 0.15 0.14 ± 0.14 
0.04 
(-0.01, 0.09) 












 Tap Water  




Diet + Toothpaste + Tap water  
(mean ± SD) 
Mean difference  
(95% CI)  Females Males  Females Males 
Fluoridated water areas 1.61 ± 0.77 0.98 ± 0.46 0.63 
(0.42, 0.84) 
 2.13 ± 0.82 1.63 ± 0.66 
0.50 
(0.24, 0.76) 
Non-fluoridated water areas 0.09 ± 0.05 0.08 ± 0.06 0.01  
(-0.01, 0.03) 















 Females (n = 202) Males (n = 79) 
Mean Difference (95% CI) 
 Mean ± SD Mean ± SD 
Energy intake (KJ/day)    
Fluoridated water area 8085 ± 1646 9309 ± 2696 -1224 (-2132, -317) 
Non-fluoridated water area 7960 ± 1979 10400 ± 2395 -2440 (-3273, -1607) 
Mean difference (95% CI) 125 (-376, 625) -1091 (-2216, 35)  
    
Tap water intake (L/day)    
Fluoridated water area 2.21 ± 1.00 1.50 ± 0.72 0.71 (0.41, 1.01) 
Non-fluoridated water area 1.61 ± 0.87 1.73 ± 0.91 -0.12 (-0.45, 0.20) 
Mean difference (95% CI) 0.60 (0.13, 0.34) -0.23 (-0.59, 0.13)  
Participant numbers as follows: F areas: n(females) = 97; n(males) = 39; NF areas: n(females) = 105; n(males) = 40.  
 
